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Eliminate Costly 


Shutdowns 
with this 


New 


ETER BODY 


QUICK 
Range-Changing 


and Cleaning af 












FAS of cleaning—ease of range-changing—accuracy—and ruggedness—these are 
outstanding features of this new Meter Body for Brown Electric Flow Meters. 

Long periods of attention-free operation are assured because the large mercury 
displacement prevents dirt and sediment from disturbing the calibration. Cleaning is 
done quickly and easily because the entire meter body can be taken apart and re- 
assembled with one 10” wrench and a screw driver, without removing the piping 
disturbing the setting or re-calibrating the meter. 

Six interchangeable range tubes assure quick adjustment to changes in flow re- 
quirements without disturbing the orifice or shutting down the line. Highest accuracy 
is assured by the Inductance Bridge Principle of Operation. 

Offered in two types—one for working pressures up to 2,500 Ibs.; the other for 
pressures up to 5,000 lbs.; each is pre-tested to double its working pressure. 

Send for complete information about this remarkable new Meter Body—and ask 
for Catalog No. 2002 completely describing the many other advantages of Brown 





Brown Circular Chart Recording Electric Flow Meters. 
Flow Meter with Automatic Re- 
cording Planimeter and Integrator. THE BROWN INSTRUMENT COMPANY IR 
4482 Wayne Avenue, Philadelphia, Pa. 
Branches in 22 principal cities. - 


Brown Electric Flow Meter 


on the Inductance Bridge Principle 




















THIS TEST INSTRUMENT MAY SAVE ITS 
COST BY THE DETECTION OF ONE FAULT 


ESE portable instruments are fault-finders. The kind of fault- 
finders you'll want to have around your plant. They will spot 
inefficient, underloaded motors. They will detect unreliable, over- 
loaded motors and power circuits. By ferreting out expensive power 
leaks, they will save their cost many times over. 


The line includes convenient portable ammeters, milliammeters, 
voltmeters, and wattmeters, in all standard ratings. You will find 
plenty of jobs for them. 





These general-utility instruments are ideal for commercial testing. 


ese are Actual service trials in the industrial plant, in the college laboratory, 
fers. and in the field have proved their versatility as well as their ability 
nercury : to stand up. They are small in size, sturdy in construction, and 
aning is their accuracy is not less than one per cent of full-scale value. 
and re- 

piping, Return the attached coupon now, and we will send you further infor- 

: mation. Or, if you prefer, call the nearest G-E sales office, and they 

low re- ' will be glad to show you a sample instrument. 
ccuracy 
her for 
and ask 

Brown 


General Electric Company 
Dept. 6R-201, Schenectady, N. Y. 


Gentlemen: 





Please send me a copy of your Bulletin GEA-1784, ‘New Portable 


“HEADQUARTERS FOR ELECTRIC 
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RECORDING WATTME Tre 


THEY SAVED $50 A DAY 
WITH THIS INSTRUMENT 


\ G-E recording instrument showed 

that the regulation of furnace No. 

20 was incorrect. By making necessary 

adjustments, a large steel company 
saved over $50 a day. 


Other tests led to the improvement of 
relay settings, motor loads, and power- 
factor. One investigation showed that 
low power-factor ona feeder was caused 
by an underloaded motor thought to be 
on another feeder. 


Let G-E recording instruments point the 
way to lower costs in your plant. For 
further information simply call the near 
est sales office, or mail the attached 
coupon. 





General Electric Company, 
Dept. 6R-201, Schenectady, N. Y. 


Gentlemen: 


Please send me information on 





Instruments,” G-E Recording Instruments. 
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Now. »« the 


“FULSCOPE” 


REGULATING 


EFFICIENCY 


TAYLOR 


FULSCOPE 


aylor 
REGULATOR 


The most important announcement laylor has ever made! 


8 MAJOR ADVANCES « « 


1. A graduated dial provides quick, accurate 
adjustment to the one best sensitivity for 


the controlled apparatus. 


2. Reverse action obtained by changing 
the position of one part. Takes but a few 


minutes. No extra parts required. 


3. Improved setter pointadjustment makes 
possible more sensitive and more accurate 


temperature settings. 


4. New type linkage reduces pen drag tothe 
absolute minimum—makes pen drag al- 
most theoretical. It disappears entirely for 


intermediate and low points of sensitivity. 





A balanced control — new precision 


and adaptability for every temperature 


and pressure control requirement 


Not just an improved model—the 
Taylor “Fulscope” Regulator in- 
corporates features which revolu- 
tionize regulator application—sets 
a new standard of accurate control 
in the regulating and recording of 
temperatures and pressures. 


It provides an adjustment by 
which the one correct sensitivity can 
be quickly obtained while the instru- 
ment is in service. This “Universal 
Sensitivity Adjuster” can be set, 
by an unskilled operator, to obtain 
any character of control desired. 


Ease of converting from direct to 
action—improved setting 
point adjustment—negligible pen 
drag—full length flexible pen arm 

superior leverage system 


reverse 


ease of 


REGULATING 


calibration replaceable tube Sys- 


tems die-cast’ dust-, moisture-, 
and fume-proof case. You can appre 


clate what these advantages mean! 
Performance has been proved. In 

in the field 

Taylor “Fulscope” Regulators have 


Taylor laboratories 


been submitted to the most rigid 
practical tests. Within their range, 
you are assured of their ability to 
meet every temperature and _ pres- 
sure control requirement with a de 
efficiency 


gree of accuracy and 


never before obtainable. 


Send for bulletin giving more de- 
tails about the Taylor **Fulscope” 
Regulator or ask a Taylor Repre 
sentative to call and discuss it with 
you. Address, Taylor Instrument 


Companies, Rochester, N. Y. 


EFFICIENCY 


TAYLOR 


e ¢e NEW FEATURES 


5. Improved pen arm gives more uniform 
pressure between pen and chart kentire arm 
of flexible stainless spring steel. New type 


micrometer screw facilitates adjustments 


6. Improved bearings and lighter leverage 
system without sacrifice of ruggedness 


practically eliminates friction 


7.Calibration obtained by simply position 
ing bearing in slot of arm attached to 


hourdon coil. 


8. Tubesystems of Taylor Accuratustubing 
can be easily replaced on the job with a 


minimum of adjustments. 





CE. hi 


Just a turn of the serew driver to set tl I 
Adjuster 
for a particular process. Sensitivity pr 
lowest point, marked “L" on the dial ind 
arrow, to highest point “A” on the dial. ¢ 
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i desired 


sal Sensitivity 


to obtain any contre 
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100% AUTOMATIC CONTROL - 


Q) r . 
r | 8 0 0 a ee 
renee @ A new era in the control of high temperature has been open oe 
RECORDING with the introduction of the Foxboro Potentiometer Stabilog. > 
CONTROLLING this instrument, the temperature is measured with the unrestrict Ins 
és i ; F det 
INSTRUMENTS accuracy of electrical measurement and controlled with the fle» the 
FOR bility known only in air-operated control. . 
PRESSURE @ The STABILOG System of Control can be adjusted to meet 
TEMPERATURE any condition of lag without "hunting" or over-controlling. | 
HUMIDITY result is a smooth, close control hitherto unattainable in the hia! 
LIQUID LEVEL temperature ranges. 
ae See @ Potentiometer Stabilog Control is entirely free from manu 


auxiliary adjustments—it is one hundred per cent automatic. 
stabilizes'' the process by correcting conditions so that upsettir 


' ' ing 
FOXBORO surges are not allowed to develop. Be 
tri 


THE COMPASS OF INDUSTRY @ Write today for Bulletin 194. It contains detailed informat th: 
»n what the Potentiometer Stabilog will do for you. bo 








THE FOXBORO COMPANY, FOXBORO, MASS. — * 


BRANCH OFFICES IN PRINCIPAL CITIES 





- « « Complete Industrial Instrumentation « « + pr 
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EDITORIA 


In This Issue 
Professor S. R. Williams’ years of re 
¢ magnetic phenomena and 
properties at Amherst College, and his 
Chairmanship since 1918 of the Hard 
ness Testing Committee of the National 


search into 


Research Council, have resulted in many 
contributions—-not the least being his in 
spiration of younger men. H. Hunter 
Smith proves himself a worthy disciple. 
It is a privilege for Instruments to be 


selected as a medium of communication 


bv Professor Kennelly, and it is not sur 
prising in this instance, for the eminent 
scientist is an authority on units of 
weights and measures, and The Magazine 
of Measurement and Control would seem 
to be the optimal medium for his concise 
discussion of the present status of the 
Metric System. (Note to new readers: 
Instruments is neutral and its columns 
re open to interesting spokesmen of 


hoth sides. ) 


eto control the tension of a fast 
traveling paper web is difficult enough; 
to control it at all speeds—-automatically, 
of course—is one of the toughest prob 
lems in engineering, and the solution re 
ported by H. W. Rogers contains ideas 
applicable in other fields of control. 


@ The next article comes from overseas: 
G. W. Stubbings describes a new and 
convenient modification of the method of 
determining phase-sequence which — he 
gave in his book on “Commercial A.-C 
Measurements.” 

@ Before measuring any entity, it is well 
to know something about its nature. The 
second instalment of the electrical meas 
urement serial deals mostly with the na 
ture of alternating currents. Perry Borden 
selected those facts which make the best 
foundation for subsequent discussions of 
fine points of a.-c. instruments. 


@ Among the many and varied New 
Instruments articles is one describing a 
demand device of a new tvpe, written by 


the designer, B. H. Smith of the West 





'inghouse Newark Works. Here we see 
Ben telling the Grand Old Man of elec 
trical instrument makers, Paul MacGahan, 
that his device “keeps rolling along as 
reliably as a watthour meter, which every 
hody knows is the most reliable constant 
motion instrument ever perfected.” 


The Front Cover 

@ If Radio City is, as some say, “the 
first wonder of the modern world,” it is 
because it contains so many separate 
wonders—among them its air-condition 
ing installation by the Carrier Engineer 
ing Corporation and Taylor Instrument 


% Companies. 93 Taylor recorder-controllers 


provide the “indoor weather” desired. 


} a ARKAT 
i. = AA 
"You, Too, Can Write” 
ou, 100, Kan rite 
HERE are two reasons why this advertisement headline 


selected as text for a chat on contributing articles to Jnstrur 


In the first place, it is true: vou (the thousands of Jnstru nts 
subscribers) do write well, as evidenced by vour letters in every day 
mail, and by technical papers which some of vou present befor ) 
cieties. 


In the second pl we, Vou have something to write about: vou may 
not realize it, but in the course of your work with instruments you 
probably have achieved a= fresh triumph of Instrumentation which 
technicians in your own ft ld or in others would find stimulating. And 
this assertion is based on the representative cross-section of “vou 
composed of subscribers we have met. 

Some of the most informative Jnstruments articles had to be coaxed 
out of modest engineers or research workers, who, even when con 
vinced that they had a good story to tell, tried to beg off on the grounds 
that they lacked the technique of presentation. If that is what deters 
vou, remember that the matter is more important than the manner. 
Just write it as you would tell it to a colleague. And if you must have 
a formula, here is an extract from a letter to a bashful plant engineer 


(1) Describe the process; (2) state the elements of the ont 
(3) describe the means adopted; (4) critically evaluate the pr 
such means; (5) report the results obtained, and (6) izgest pr 
improvements both in the ontre ed proce ind in the p 

But perhaps your specialty is not automatic control but measure 


ment. As to the technique of writing a measurement articl is dis 


tinguished from a control article) here are extracts from anot 


cent letter to a “should-bs author 

Discuss every » of men Irinw thet t ‘ ntent 
ind inorganic materials, Give 4 temat flent t 
that one reader interested in found: ind nd anothe } 
impregnated textile insulats 3 Wil ene! fee tI t the t 
for his benefit Next, a brief temat flention f the eth | 
sampling methods ind continuou rie ton t ra t} t nad 
lving principles of ¢ eh illustrated vith chen tie dia 

Then would come the main portion of yu irt 

ich method (not of each instrument on the n ket) 
following criteria: (4a) Attainable en t i is (b) | 
whether the method i best for high ‘ ) mediur percent 
(c) What kinds of moisture are measured free, ce r, et (d) I 
required: (e) Po bility or impracticab t rf itomati measu ent 
of continuous men irement (ft) lractieabilit of rutomati 
on such method: (2) Suitabilit for plant r restriction to tifl 
tory (h) Dependence on aux pr ‘ nd result 
ruption of power suppl 

ind any other factor ha t } 
employvin the | il | ! ! i 

Conclud th \ ! 

! nt 


There are other kinds of articles, among them those about the instr 
mentation of an entire department, plant, or even industry. Example 
“Instruments Help to Build and Sustain a New Industry 
ber 1932) in which W. A. Cotton credited Instrumentation with the 


birth and growth of the Masonite Corporation. If that’s the kind of 


eT | pte aa 


story you have on tap, turn it on by all means 


What's the proper length? Consider what Lincoln said: “My leg 
aren't too long—they reach exactly from my body to the ground.” Some 
phenomena or results take hundreds of words to describe; others are 
well told graphically, as in this month's leading article. If you can 
write a book of interest to your fellow instrument users, we may print 
it serially ; if you have one brief de scription or comment or narrative 
which they would profit by, write it up in the form of a Letter to the 


Editor. 


Finally, as to grammar and style: just forget them and write as vo 
would talk. Your editor has only been wielding a blue pencil for a 
quarter-century but he tries to make up for this inexperience by taking 
infinite pains with your manuscripts. One thing we seldom can supply 


is illustrations. Send in lots of them 


M. bk. Berar 
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LETTERS TO THE EDITOR 


Calls Attention to an Important Ratio in 
Free-Float Type Fluid Meters 


To the Editor: 


In looking over your discussion of area meters of the free 
float type in Chapter XX VI of Flow Measurement and Control 
(published in Instruments, December 1933) I note that you 
have given thought to a ratio which apparently had been over 
looked in all previous American texts on fluid meters, namely, 
the relation of the density of the float to the density of the 
fluid. Your statement ; 

The density of the float must differ considerably 
from that of the fluid for two reasons: so that the 
float will not be carried along, and in order to pro 
vide a “load’’ determining the constant head 

needed to be made, but it seems to me that instead of using 
the one word “considerably” you would do well to discuss the 
optimum ratio of float density to fluid density. This ratio is 
very important in the design of these instruments if any varia 
tion in the density of the liquid is to be expected. As far as I 
know, American manufacturers have neglected the influence of 
the density of the float in this respect. 

A theoretical analysis shows that minimum error will be in 
troduced by slight changes in the density of the fluid if the 
density of the float is twice the normal density of the fluid. 
For example, if an instrument is calibrated for use in measur 
ing aviation gasoline, a variation of 10% in its density will 
introduce an error in indication of 0.8, 1.5 and 3.2% if the 
float density is respectively 2, 2.4 and 4 times the fluid density 

Apparently this was first pointed out by P. S. Kerr in British 
Aeronautic Research Committee Reports and Memoranda No. 
1245, 1929. He describes a fuel flow meter of the area type de 
signed to measure mass flow of the engine fuel in airplanes 
The theory and a description of the instrument are repeated 
in Technical Report No. 466 of the U. S. National Advisory 
Committee for Aerenautics entitled Aircraft Power-Plant In 
struments, which publication is probably more easily obtainable 

It should be noted that the instrument developed by Kerr is 
not strictly of the free float type since a central guide is pro 
vided for the float. This is interesting in view of the fact that 
no description of this type of construction appears in your 
chapter as published. 

Bureau of Standards, W. G. Brompacuen 
Washington, January 24, 1984 


" . . " 

Large Circulation Around Plant 
To the Editor: 

We appreciate your magazine—it has about the largest 
circulation around the plant of any of those we receive. I am 
enclosing one of our magazine route list forms that we attach 
to all magazines after checking off the names of all those who 
want to see each copy received. 

Speer Carbon Company H. W. Asporr, 
Saint Marys, Pa. Director of Laboratories 
January 0, 1984 


Page Rube Goldberg! 
To the Editor: 

Mr. M. M. Rose, chief engineer of Electric Generator & 
Motor Co. in this city, recently soived a difficult motor-gener 
ator testing problem in such an ingenious way that readers of 
Instruments interested in test work will, I am sure, get a 
chuckle out of it. The motor-generator set consisted of a 2200 
volt, 25 cycle, two-phase motor coupled to a 230 volt, 100 K.W. 
direct current generator. 

“As our supply current is 60 cycle, 2200 volt, 3 phase, and as 
we didn’t happen to have a suitable 2-phase starter anyway, 
the usual running test looked like a serious problem,” Mr. Rose 
explained. “It was finally solved as follows: We first trans 
formed our 2200 volt 60 cycle 3-phase current to 440 volts 
3-phase 60 cycles. This was converted to 330 volts d.c. by 
means of a motor-generator. This 330 volt direct current was 
changed into 220 volts, 3-phase 25 cycles through an ‘inverted 
rotary converter’. Again this was changed by a bank of ‘Scott 
connected’ transformers, into 2 phase, 220 volts, 25 cycles. 
Finally, it was stepped up through two 220-to-2200 volt single 
phase transformers to the required motor voltage. 

“The starting was accomplished by using the d.c. end of the 
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machine under test as a motor, bringing it up to as near 
speed as possible, and closing the 2200 volt 2-phase circui 
the a.c. side of the set. I’ll admit,’ concluded Mr. Rose, ‘ 
the method employed rather suggests one of Rube Goldb: 
‘inventions’—only this one worked.” 

Cleveland, Ohio, y, 2». G 


January 20, 1934 


Page Senator Wheeler! 
To the Editor: 

Nearly a ton and a half of silver fell on Freeport this 
noon, when the 500 employees and executives of the Bur 
industries began spending in the local stores and market 
silver dollars with which they had been paid out of a 
silver payroll of $40,000.00 earlier today. At 7:30 a. m., u 
the watch of guards and police with machine guns, sawe: 
shotguns, tear bombs and drawn revolvers, the paying otf 
the 500 employees started. Each was handed a canvas 
weighing about 5 lbs., containing two weeks’ pay entirely } 
up of silver dollars, and this notice: 

Burgess payrolls are being met this one time only in 
dollars. The reasons for this procedure are two: (1) To 
mote the popularizing of silver currency and to codper 
with the Administration in its silver policies. (2) To de 
strate the importance of our industries to the city of ] 
port. Freeport merchants are codperating in this pros 
we urge you to spend these silver dollars in the payment 
your bills and in the purchase of the unusual values 
offered today 

The uses and applications of silver have long constitute 
hobby of Dr. C. F. Burgess, Chairman of the Board of 
Burgess industries. It is his idea that this distribution of si 
dollars is the best way to prove to a community that the si 
dollar is a sound, spendable currency. Moreover, the stud 
the flow of such ear-mmarked money through channels of t1 
will show the purchasing power of an industrial payroll 
typical community. 

The first silver dollar to be spent belonged to Jeff Dietr 
tinsmith in the Maintenance Dept. He bought a_ pack 


cigarettes from a store on the corner of East Stephenson $ 
near our plant. The next dollar went to buy gas for \ 


Fishburn’s car from Mutt Foley’s filling station. This repo: 
was unable to follow the spending of the third, fourth, ; 
fifth and other dollars, for their going was too fast and 
too many directions. [t was noticed that in the case of Bi 
Molter, switchboard operator, at least five of the silver dol 
were at once deposited in the silk-stocking bank where t 
made a not inconsiderable bulge. 

By early evening some of the dollars had traveled as fai 
Dixon, Stockton, Orangeville, Lena, Monroe, Elizabeth, By: 
Oneco, Davis and Polo, as well as other outlying towns 
districts. 


The $40,000.00 shipment came from the Chicago Federal I 


serve Bank, took about a week for the several banks to colli 
it, and its total weight was almost 2,600 Ibs. If the silver 
these dollars were spun into a fine wire, it would stretch f1 
our plant at Freeport to the New York office of Instrume 
about 1500 times. 
Freeport, Ill. 


January 20, 1984 


JACKSON Bur 


Demon Editor’s Note: What do you mean, “a fi 
wire’ and “about 1500 times’? An instrument engine: 


of your standing should stick to quantitative data 
avoid qualitative expressions. 


Much Useful Information" 
To the Editor: 

My subscription to Instruments has brought me n 
useful information. The article in the December 1933 is 
“Automatic Contro! Instruments Applied to the Zeolite Wa 
Softening Process,” by Eric Pick, is but one of many instan 
Could you send me a reprint of it? 

Dayton, Ohio E. F. Str 
January 29, 1934 

We can. Reprints of feature articles are run off 
their authors, but a few extra copies find their way 
Instruments’ office. 
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easuring Mechanical Hardness with 
Magnetic Instruments 


By H. HUNTER SMITH* 


HAT, precisely, is hardness? Jeffries and Archer! 

define mechanical hardness as the “resistance to 

permanent deformation.” At the present time the 
outstanding instruments for measuring hardness are the Bri 
nell, Rockwell and Herbert hardness testers. These are inden 
tation methods, in which the relative 
hardnesses of various bodies may be com 
pared by the relative distances to which 
a small steel ball or a diamond point will 
penetrate the material when a given load 
is applied to the ball or the diamond 
point. The penetration of the steel ball 
or diamond point, into the substance 
being tested, causes permanent deforma 
tions. The softer the material, the greater 
will be the penetration or permanent 
deformation. 

If one takes into account methods like 
Mohs’ scratch tests, or the measurement 
of hardness by the height of rebound of 
a steel ball or by the abrasion method, 
it is evident that the user of one method 
does not have in mind exactly the same 
property of matter as the individual who 
uses another method. 

For lack of a general agreement on 
the subject, this indefinite conception 
of what hardness really is—calls for fur 
ther study of the methods already em 
ployed and for the production of new 
methods. It is of interest, therefore, to 
see what may be done in measuring me- 
chanical hardness by magnetic instru- 
ments. 

Mechanical hardness of steel may be 
varied in different ways: (1) by heat 
treatment, (2) by cold working, (3) by 
varying the carbon content, and (4) by 
magnetic tempering. 

In this study a group of six iron 
carbon rods had their hardness varied 
by a difference in their carbon content. 
The heat treatment, thus far, has been 
hot rolling into long cylindrical rods 
with an average diameter of 0.641 cm. After having been 
finished hot, they were allowed to cool without interruption 


*Fayerweather Laboratory of Physics, Amherst College, 


Amherst, 
Mass. wie 
1Z. Jeffries and R. S. Archer, “‘The Science of Metals,” page 403 


McGraw-Hill Book Co., Inc., New York, 1924, 
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Fig. 2. Normal induction curves for the six rods. 
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Fig. 1. Fahy’s Simplex Permeameter (a); with 
control box (b), and adjunct (c) for testing ma- 
terials In a strong field. 





Only half of each loop is shown. 
Curves for the six specimens are all drawn to the same scale. 
Abscissas represent magnetizing force. Ac 


Ordinates represent induction. 
39.2 gilberts /cm. 


on the cooling beds. They all, therefore, have had the same 
heat treatment. The important point to be 
that whatever the carbon content, 
or any other physical property 


made on the same, identical 


kept in mind is 
hardness, hysteresis loss 
Was, comparative tests were 

Supposedly identical treat 
always produce identi 
Reliable COMpParisons of 


properties and 


rods 
ment does not 
cal results 


magnetic mechanical 


hardness can be made only on. the 
same specimens , 

While many? have studied the mag 
netic properties of iron-carbon alloys, 
no one appears to have made a com 


prehensive study of the relations of per 
meability, hysteresis loss and 
force to the property of 
h irdness 

Through the courtesy of the ( 
rie Steel Co. of 


group of Six 


coercive 


mechanical 


; irne 
Pittsburgh, Pa., this 
furnished 
for the comparative studies mentioned 
ibove. 


steel rods was 


The rods had a common length of 24.5 
cm. with practically the same CKOss-sec 
tional area. See table on next page. The 
rods carried the following designations: 
\g, Be, Cg, Dg, Eg and Fe. The follow 
ing table gives their chemical 
tions and physical make up 


constitu 


Hi G Dorsey, ‘‘Magnetostriction 
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Review, Vol. 35, 1912, page x 
E. D. Campbell and EF. R. Johnson, “A Pre 
liminary Magnetic Study of Some Heat Treated 
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106, 1922, page 201 
E. D. Campbell and G. W. Whitney The 
Effect of Changes in Total Carbon and in the 
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23, 1924, page 377. 
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Fig. 3. Hysteresis Loss Curves for the Six Rods. 


The hysteresis loss in ergs /cm. 
is as follows: 


cycle for each rod 
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% Carbon. 


plotted against % 
respectively. Similarly, in Figs. 8 and 9, the hysteresis lo 
cycle are plotted against % ce 
hardness numbers respectively. 
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Fig. 6. Relation between 
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From these last four curves it would appear that the | 
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Fig. 4. Permeability Curves Fig. 5. Relation between Hardness and 
I Cre ( Ma ! Sulphur Hardt 
Number 
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rhe magnetic measurements were carried out by means of a 
Fahy’s Simplex Permeameter. See Fig. 1. Quite complete direc 
for accompany each instrument. The hardness num 
bers were obtained on a Rockwell hardness tester. 

Fig. 2 gives the normal induction curves for the six rods. It 
will be observed that the induction increases progressively with 
the lowering of the hardness numbers. The softer the rod, the 
greater is the magnetic induction. 

The hysteresis loops shown in Fig. 3 are of interest because 


hions use 


they bring out a fact observed by the late Professor C. W. 
Wagvoner? and others that the maximum hy steresis loss comes, 
for the iron-carbon series, near the eutectic point. For this 


series of rods, it is just about 0.9% carbon. For the harder 
rods the hysteresis loops were not carried above the saturation 
point. H1,,,.. for the curves shown, was 39.2 oersteds. In curves 


not shown, the hysteresis loops were carried to Hyyax 180 
oersteds. The residual induction decreased with hardness. The 
coercive force (sometimes called “magnetic hardness”) in 
creases with increasing mechanical hardness 


ues 


g. 4 shows the permeabilities plotted against induction val 
This shows, in a marked way, how the different samples 
varied in their permeabilities as the hardness numbers changed 

Fig. 5 forth the relation the % carbon and 
the hardness number. This is not a straight line there 
fore it will be of interest to compare the various magnetic 
properties with both the percentage of carbon and with the 
From the curves, in Figs. 2, 3 and 4, were 
irious magnetic with which the carbon 


sets between 


and 


hardness numbers 


selected the \ values 





ness numbers come more nearly to being proportional to 
various magnetic properties than does the percentage ca: 
Magnetic properties, as a measure of mechanical hardness, 


therefore, 


Some of the present day penetration methods for measu 
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time-consuming 
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re simple in 
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term hardness. For example, Williams* 
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mechanical 
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vantage over the penetration method that it 
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no disfiguring marks on the sample tested: it may be app 
to the finished product. 


This 
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be 


extended to 
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hardness in which, for example, changes in electrical resist 
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effects will be compared with the mechanical hardness of 
same specimens. 
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; The Metric System of Weights and Measures 


in Relation to Instruments 


By A. E. KENNELLY* 


N view of the steadily rising demand for the increased use 

of international metric measures in instrument work, it 

seems desirable to define the existing situation of the metric 
system as regards scientific, technical and commercial practice. 
“It is quite generally admitted that the metric system is much 
easier to learn and use than the old American system, and it is 
used in very nearly all scientific work both here and abroad, 
and that it would be a great advantage if we had it univer 
sally. In the engineering world, it largely pervades both elec 
trical engineering and chemical engineering, through the use 
of electrical and chemical units. In the commercial world, the 
\merican system is still used very largely ; but the kilowatt 
hour, the degree Centigrade, and the 16 mm. film are steadily 
invading it. In fact, unbiased inquiry into the history of the 
past thirty years in relation to American newspapers and 
magazines would probably satisfy the researcher that we Amer 
icans are already in slow transition toward the general use of 
the metric system even without any governmental direction or 
legislation. 

What attitude, then, should be taken by technical and indus 
trial journals on this question? The following views are sug 
gested: 

1. No person should be compelled to use units against his 
will. Nevertheless, as a majority develops in favor of metric 
units in technical and industrial practice, persuasion should 
be used to adopt international standards. 


Professor Emeritus of Electrical Engineering, Harvard University, 


Cambridge, Mass 


2. The demands of both basic and applied science for the 
simplest units and standards point to the exclusive use of the 
metric system whenever possible 


3. In the literature of commercial measuring instrument 
and apparatus, it often is undesirable to use metrie units ex 
clusively; but the practice of using both American and met ri: 
units, with their numerical values, should be 


(one of them in parentheses ) 


encouraved 


4. The standardization of machine or instrument dimension 
helps the general introduction of the metric system. Tt do 
not matter whether the standardization is in) American units 
or in metric units. A drawing or blueprint in either system 
can always be used for the other by simple slide-rule con 
version with the ordinary ranges of mechanical tolerance 

5. It is a mistake to suppose that if the metric svstem were 
generally adopted it would be necessary to discard or abandon 
machinery in our factories. The same old drawings, tools, and 


machines would and should be employed to continue making 
the same sizes of product. In the sales departments, however, 
those products would be catalogued and sold in metric term 

The units and standards used in manufacture are 


private concern to the maker. It 


matters of 
selling 
which is of international concern and requires conversion into 
metric terms. Not until drawings, tools and machines wear out 


is the buying and 


and disappear would the question of replacement in’ metric 
numbers have to be taken up, and then it would be a matter 
of convenience and choice, not of necessity. 





NEWS AND 


On January 24, 1934, the Edison Medal for 1938 was pre 
sented by the American Institute of Electrical Engineers to 
Dr. Arthur Edwin Kennelly, Professor Emeritus of Electrical 
Engineering, Harvard University and the Massachusetts In 
stitute of Technology, “for meritorious achievements in elec 
trical science, electrical engineering, and the electrical arts as 
exemplified by his contributions to the theory of electrical 
transmission and to the development of international electrical 
standards.” Dr. Kennelly, who was principal electrical assistant 
to Thomas A. Edison from 1887 to 1894, has published some 
28 books of which he is sole author of ten; and has presented 
more than 350 papers before leading technical and_ scientific 
organizations. In 1902 he expounded a Theory on the Influence 
of a Conducting Layer in the Atmosphere on Long-Distance 
Radio ‘Transmission which has resulted in the naming of the 
Kennelly-Heaviside layer. 

lustruments naturally supposes that it is as President of the 
American Metric Association that Dr. Kennelly contributes the 
above article; but he also is Fellow, Honorary Member, and 
Past President, A.I.E.E.; Past President, [luminating Engi 
neering Society; Past President, Institute of Radio Engineers; 
Honorary Member, Institution of Electrical Engineers, Lon 
don, of Société Francaise des Electriciens, of the Verband 
Deutscher Elektrotechniker E.V., and of the Institute of Elec 
trical Engineers of Japan, of National Electric Light Associa 
tion, and American Electrotherapeutic Association; Corre 
sponding Member, British Association for the Advancement of 
Science; Fellow, Royal Astronomical Society, London; Member, 
National Academy of Science, American Physical Society, 
American Association for the Advancement of Science, Past 
Chairman of its Engineering Section; Member of the Inter 
national Committee on Weights and Measures at Sévres (1933) ; 
Fellow of the American Academy of Arts and Science; and 
inany others. 


Dr. Kennelly has received the following medals and awards: 
Institution Premium in 1887 and the Fahie Premium in 1889 
from the Institution of Electrical Engineers, London; Long 
streth silver medal in 1916 and Howard Potts gold medal in 


NOTICES 


1917 from the Franklin Institute, the Volta medal in 1927, and 
the Cross of a Chevalier of the Legion of Honor of France 


Giuseppe Faccioli, former works engineer and associate man 
ager of the Pittsfield, Mass., works of the General Electric 
Co., died in Pittsfield, January 13, about four years after hi 
retirement by reason of ill health. Born in Milan, Italy, in 1877, 


he came to this country nearly 30 years ago, following hi 
graduation from the University of Milan. Here he was. first 
employed by the New York Edison ( », became a designin 


engineer for the Crocker Wheeler Co., and later joined the rail 
way department of the General Electric Co. In 1913 he wa 
appointed works engineer of the Pittsfield plant, and in 1927 
became associate manager. Mr. Faccioli spent considerable tin 
at Schenectady, where he was associated with the late Dy 
Charles P. Steinmetz, whose researches in the field of lightning 
Pittsfield by Mr. Faccioli and contributed 


largely to the suecess of the now famous high voltage labor 


were continued at 
tory there. Like Steinmetz, with whom his name wa oO often 
linked, Mr. Unable to walk, he 
wheeled around his laboratory and_ office. 


Faccioli was a cripple 


The General Regulator Corp., 50 Church St., New York, an 
nounce the election of the following officers: C. J. King, Pre 
R. A. Wright, Vice-Pres.; F. Hl. Plum, Vice-Pre & Sec’ 
(who were formerly Pres., Sales Mgr., and Vice-Pres. respec 
tively of the Smoot Engineering Corp.). J. W. Ack 
had 16 vears’ experience jt 


ev is Tre 
Under this management which has 
the design, manufacture and operation of regulators and com 
bustion control systems, the General Regulator Corp. is placin 
on the market a line of regulating equipment employing hal 


is said to be a new stabilizing principle 


The newly formed Wilbin Instrument Corp., 10 Kast 34th St., 
New York, plans to manufacture and market a complete line 
of electrical instruments for the control of temperature, hu 
midity, pressure, vacuum and liquid level. Officers are Gus A 
Binz, Pres.: Clement Wells, Vice Pres.; Kk. A. Ileman, Director 
and Chief Engineer. Mr. Binz has been identified with the 

(Continued at Bottom of Next Page) 
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Paper Machine Control Developments 


By H. W. ROGERS* 


N an industry as old and progressive as the pulp and paper 

industry, it is logical that current developments should gen 

erally be confined to improvements which will increase pro 
duction, improve quality and reduce cost, rather than to those 
which will involve absolutely new ideas. Among the most 
promising recent improvements in paper mill equipment are 
two that demonstrate the benefits of automatic control. These 
are: an adjustable voltage winder drive with constant tension 
control and a paper cutter safety control. 

idjustable Voltage Winder Drive. In the use of electrical 
regenerating braking systems for the unwinding stand of paper 
machine winders, the maintenance of proper tension in the 
paper as it goes into 
the winder contributes 
materially to improv 
ing the characteristics 
of the rewound roll. 
It also serves to elim 
inate maintenance and 
avoid the loss of the 
power dissipated in 
mechanical braking 

The new equipment 
for this purpose (see 
schematic diagram ) 
gives cushion starting, 
complete control of 
operating speed with 
good speed regulation 
at any speed, and sub 
stantial operating 
economy in the power 
consumed. 

The braking effect 
on the unwinding reel 
is obtained by connect 
ing to it through a 
gear reduction a gen 
erator whose armature 
output is fed back to 
the armature circuit 
of the winder motor. 
The current returned 
by this braking generator is proportional to the tension in the 
paper as it passes between the unwinding reel and the winder 
drum, and it is maintained constant. 

Tension may be obtained in the paper with the winder at 
standstill and when operating at very low speed in starting a 
new roll. For automatic control of tension when starting a new 
roll, an auxiliary low voltage generator is supplied as a part 
of the main motor generator set. The armature of this booster 
generator is connected in series with the braking generator and 
has a voltage capacity just sufficient to compensate for the 


Industrial Engineering Dep't, General Electric Company 





resistance drop in the armatures of the braking generato: 
the winder motor. Thus, excitation of this booster gene: 
causes the current to circulate between the braking gene: 
and winder motor and creates tension in the paper. The u 
this booster generator eliminates the necessity for a wi 
attendant holding back on the winder rolls to keep slack o1 
the paper as the winder is being started and also assists 
terially in obtaining a firm centered roll as the winder start 

The control is so arranged that the braking generator 
be operated as a motor in either the forward or reverse di 
tion, thus eliminating considerable manual work on the | 
of the attendant in carrying the paper forward to the wir 

Power readings 
dicate that in additi 
to the benefits res 
ing from maintain 
constant tension, th: 
equipment provid: 
considerable po 
saving, as approxi 
mately 50% of th 
current taken by the 
winder motor is re 
turned by the brakin 
generator. 

Safety Control 
Paper Cutter. To pi 
vide maximum proté 
tion for operators of 
guillotine type paper 


arranged to engage 
the clutch mechanisn 
which connects the 
knife to the flywheel 
and motor. Between 
the Thrustor and thx 
clutch mechanism is a 
link with a _ solenoid 
operated latch. Th 
solenoid maintains the 
latch in the closed 
position and_ the 
Thrustor closes the clutch against the pull of a powerfu 
spring. Two push button stations must be closed simultaneous 
so that both hands of the operator are occupied while the « 

is being made. If the operator removes one or both hands fro! 
the push buttons, the solenoid is de-energized, the latch r 
leased, and the knife stopped. Cam-operated limit switch 
make it impossible for the cutter to repeat its stroke, eve! 
if the operator maintains his hands on the push button st 

tions. The operator cannot block out one push button station 
and operate the cutter with the other one: it is necessa 

to release each push button station at the top of the strok« 
before another stroke can be made. 





introduction of new measuring and control devices both in this 
country and in Europe. He has been Sales Promotion Manager 
of Sarco Company, Inc., for the last four years, and will con 
tinue his association with that company. Previously he was for 
nine years General Sales Manager of American Schaeffer & 
Budenberg Corp., and its successors. Clement Wells is Presi 
dent of Sarco Co., Inc. FE. A. Ileman is a research engineer 
who has specialized in the development and design of indus 
trial instruments for the last twenty years. The new company 
has contracted with Crosby Steam Gage & Valve Co. to manu 
facture its control instruments and valves. 


The recently organized Viking Instrument Co. announces that 
it has begun production of a line of industrial instruments in 
cluding (1) pressure and draft gages, (2) thermostats and 
humidistats, (3) tachometers and (4) electric motor speed 
controls. Some of these products were being manufactured by 
concerns merged into the new corporation. Offices are in the 
Chrysler Bldg., New York. A. C. Davis is Pres. and J. Leopold 
is Sales Mgr. Both were formerly with Consolidated Instru 
ment Co. of America, Inc. 
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“For pioneering in industrial research,” the General Electri: 
Co. was presented on February 1 with a gold medal by 
American Institute of the City of New York. The Institute's 
Council on Awards decided that the establishment and m 
tenance by GE of its large laboratory for pure research | 
been of lasting benefit to human progress and industry. The 
American Institute has not made an award of this sort 
many years. 


The Hays Corporation, Michigan City, Indiana, announ: 
these new representatives: 1. T. C. Messplay, Kansas City, M 
(State of Kansas and Western Missouri). 2. Fairman B. Le« 
Seattle, Wash. (State of Washington). 3. Leinart Engineeri 
Co., Knoxville, Tenn. (Eastern Tennessee). 4. Enginering Sa 
Co., Holland, Mich. (Western Michigan). 


Donavon B. Church has been transferred from the San F1 
cisco branch office to the factory engineering department 
the Mason-Neilan Regulator Co., Boston, Mass. Mr. Church | 
had many years’ experience in the oil and process industries 
a control engineer. He was formerly with the Neilan Compa 
Ltd., now consolidated in the Mason-Neilan Regulator Co 


cutters, a Thrustor is 
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1A Modified Varley Phase Sequence Test 


By G. W. STUBBINGS* 


NE of the most ingenious tests ever devised is the 

Varley test for phase sequence. The apparatus required 

is of the simplest, and the requisite information as to 
phase sequence is obtained by a direct visual observation of the 
comparative brilliancies of two lamps. The reliability of the 
rest is not affected by considerable departures from balance 
of the three-phase voltage systems tested, although, with cer 
tain extreme conditions of unbalance, the test may fail and give 
erroneous indication. This limitation, however, is of little prac 
tical importance. 

In the modification of the Varley test now to be described, 
the indication of phase sequence 
is obtained by a comparison of 
the voltages on a single lamp 
when the circuit is connected to 
the three-phase system in dif- 
ferent ways. Such an indication 
is not quite so convenient as 
that of the direct visual obser- 
vation of two lamps. Neverthe- 
less, since the modified test 
gives correct indications which 
are quite independent of volt- 
age unbalance, however great, 
it may be of some interest. 

To explain the modified test 
we approach the theory of the 
Varley circuit from a somewhat 
unusual angle. In Fig. 1 (a), 
we have the usual vector dia- 
gram for a three-phase voltage x R 
system of normal phase se- 
quence and, in this diagram, 
the direction of the voltage be- 
tween A and C is conventionally 
represented as being from A to 
C. In this and the following dia- 
grams the letters A, B and C 
represent actual terminals of 
the system under test, and are 
not intended to indicate phase 
sequence. In Fig. 1 (b), we have 
the vector diagram of a system 
of reversed phase sequence. The 
direction of the voltage between 
\ and C terminals is from A 
to C, as in Fig. 1 (a), and it 
will be seen that, due to the re- 
versal of the phase sequence, 
the second triangle of voltage 
vectors is inverted with respect 
to the first. The actual voltage 
difference between the B termi- 
nals of the two systems is thus 


Fic. | 


V3 times the line voltage, if 
they are synchronized and 
joined in parallel by connecting 
the A and C terminals. 

In Fig. 2 (a) we have the 
vector diagram for the voltages 
on the component parts of a circuit comprising a reactor and 
a resistor of equal ohmic value connected between the A and C 
terminals of either of the systems represented by the vector 
diagrams of Fig. 1. Two conditions are shown, first, when the 
reactor is connected to terminal A, and second, when the reac 
tor is connected to terminal C. It is seen that the applied volt 
ige and the two-component voltage form a three-phase system 
the sequence of which reverses as the connection of the circuit 
to the supply terminals A and C is reversed. 

In Fig. 3, the vector diagrams for the supply voltages and 
for the voltages on the reactor and resistor circuit are super 
imposed. 

In this diagram the voltage differences between the common 
connection of the reactor and the resistor and terminal B of 
the supply system for various conditions are represented by the 


Electrical Engineer. South Norwood, London, England 


(b) Reversed Sequence 
A c A 


(a) NORMAL Sequence 
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distances between the points B and o on the diagram. With 
normal phase sequence on the system and connections as in 
Fig. 2 (a), the voltage difference between the terminal B and 
the point of connection of the reactor and the resistor is rep 
resented by 0,B,. With connections as in Fig. 2 (b) this be 
comes 09B,. If the phase sequence of the supply voltages is 
reversed, then these two voltage differences will be respectively 
0; By and o.gBy. The voltage differences between terminal B 
and the common connection of the resistance and reactor can 
be compared by connecting a lamp between these points. The 
current taken by the lamp will, of course, alter the values of 
these differences, but the volt 
ages on the lamp will give an 
indication of their relative val 
ues. With 
quence of the 
for instance, so that the phase 
voltage of terminal C leads that 
of terminal A, the lamp will be 
more brilliant when the reactor 


normal phase — ss 


supply system, 


is connected to C terminal than 
when this connection is to term 
oa inal A. It appears, also, that 
this indication will always be 
given correctly, irrespective ot 
balance of the voltage system 
tested, for, with normal phase 
sequence, the point B in the vee 
tor diagram Fig. 3, will always 
lie above the line A¢ If the 
phase sequence is reversed, the 
lamp will be brighter when the 
reactor is connected to terminal 
A than when this connection i 
to terminal C. 
Fig. 4 shows the 
of a test circuit for the practical 


connection 


application of this modification 
of the Varley method of ph ise 
sequence determination. X and 
R are respectively a reactor and 


3 PHASE 


Tenvinaid resistor, which should be of ip 


proximately equal ohmic value 

These can be connected through 
a reversing switch and a pair 
of fuses to the pair of terminal 
whose phase sequence is r 

quired, a lamp being connected 
between the mid-point of the 
X and R circuit and the third 
terminal of the supply system 

The phase voltage of terminal 
A lags that of terminal C if the 
lamp is relatively dull when the 
reactor is connected to A. If 
the circuit shown in Fig. 4 be 
made up in portable form. it 
will be easy to arrange the re 
versing switch so that its han 
dle points to the lagging phase 
when the lamp is relatively dull. 

The rule for the interpretation of the results of the above 
described test can be checked by assuming that the resistor R 
is a lamp of.the same rating as that of the lamp L. As: 
the phase sequence to be normal, and the reactor to be con 
nected to terminal A, then the voltage on the lamp I. will 
have a value less than that represented by the } +B, in 
Fig. 3. Of the two lamps the one connected to jerminal C 
will be brighter than that connected to terminal B 


uming 


his agrees 





with the well known rule for the Varley test, as the phase 
voltage of C lags that of B. 

The Graybar Electric Co. announces that i! is now distributing 
the Mercoid line of control devices for regulation of tempera 
ture, pressure, etc., and that representative stocks are carried 


in numerous local branches 
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GRAVITOMETER 


A new device anew method ... now 
makes possible the accurate determination 
of specific gravity of gases by correcting 
automaticaily tor variations in both atmos- 
pheric pressure and temperature. Thus lab 
oratory accuracy is obtained readily under 


actual production conditions. Bulletin E-21 


mailed on request. 
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General Principles 
of Electric Currents 


with reference to 


Electrical Measurements 


and Control 


By PERRY A. BORDEN} 
and M. F. BEHAR** 


1. Direct and Alternating Currents 


Electric currents and all properties and phenomena associated with ther 
divided into two great classes, direct and alternating. The terms require 


explanation. Direct current is that which flows continuously in one directio 


the circuit, while the term “alternating” is applied to any current which 


odically changes its direction of flow. Some types of instruments and appar 


respond to direct current only, some to either direct or alternating current 

some to alternating current solely by virtue of the.fact that it is alternati: 
The ideal direct current maintains its value constant at every instant 
The change in flow of an alternating current may follow any one 

infinite number of laws; but before we can deal mathematically with an 


ternating current we must know the law which governs its changes of 
stantaneous values and of direction. The simplest law an alternating cur 











Fig. 11 





can follow is the “harmonic” law, in which the instantaneous values 


current over a period of time are proportional to the sine of an angle; and t 


] > » 
relationship is definitely associated with the geometry cf the structure by v 
an alternating electromotive force is generated 

In Fig. 11, imagine the line OP to represent an armature coil rev 


between the poles NS. By following the curve at the right it will be noted 1 


as the point P moves from a to g the induced e.m.f. gradually rises from 


at a to its maximum value at g since the coil when 90° from a is in the 


tion of maximum induced e.m.f.; then, moving from g to k the e.m.f. gradu 


falls to zero. Continuing the revolution of the coil it is found (observin 


curve) that the e.m.f. gradually rises from zero to its maximum value at 27 


Second chapter (XXX) of Part Seven (Handbook of Industrial Electrical Measuren 
Control) of Béhar’s Manual Instrumentation, See editorial announcement of this set 
page A7 of November 1933 Instruments. A complete chapter of this new handbook will |! 
lished in each issue of Instruments throughout 1934 and 1935. Each chapter is subject 
a final revision, and then set in type, shortly before its appearance in this serial form, in or 
assure that the subject matter is thoroughly up-to-date. This new book is not published seria 
any other periodical. Entire contents copyright. To be issued in book form on or about Tan. 1 

*Member A.I.E.E. Editor, Instruments 
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ut in the opposite direction, since the coil is now under the opposite pole 
Thereafter the induced e.m.f. again falls to zero as the point P travels from 
1 to d. 

In an alternating-current generator having the ideal characteristics as sug 
ested above, the e.m.f. appearing at the terminals of the armature would 
ollow a true “sine law,” and its successive instantaneous values could be rep 
resented by a wave-like curve as shown, each point of the curve corresponding 
to a definite position of the generating coil represented by the rotating line OP 
It also is possible to represent graphically the values cf the alternating entity 

the line OP, which then becomes a “vector” (see below) and may be 
mathematically treated by practically all the processes of geometry and trigo 
nometry. While actual commercial alternators do not generate true sinu 
<oidal electromotive forces, their characteristic wave forms generally resemble 
so closely the true sine curve that the departure becomes negligible and the 
sine law may be applied with propriety, and either a wave or vector representa 
tion used, as may seem expedient 


2. Vector Representation 

For purposes of computation where a sine wave may be assumed, it is custo 
mary to represent alternating quantities by revolving vectors. Referring again 
to Fig. 11, it will be observed that an abstract mathematical quantity of al 
ternating character was represented by a rotating line symbolizing a simple 
coil in which a corresponding voltage would be induced. By carrying the 
analogy to the extent making the length of the line proportional to the maxi 


The vector sum of oa and ob is rep 
resented by oc, the diagonal of the 
completed parallelogram 

The vector product of od and oe 1 
proportional to the projection of one 


f being the foot 


from 


upon the other, as of, 
of the perpendicular 
point d. If od and oe be perpendicular 
to each other it will be seen that, what 
their vector 


upon oe 


ever their linear values, 


product will be zero 





mum value of this mathematical quantity, we have the basis of a system of 
vectors by which even the most intricate alternating-current problems may be 
visualized and solved. As it is not within the scope of this Manual to provide a 
detailed discussion of vector geometry, only a few outstanding facts will be 
given, to facilitate the use of vectors in ordinary alternating-current considera 
tions. 

(1) A vector is a line representing a mathematical quantity which has both 
a value and a direction. In Fig. 12, all the lines radiating from o are vectors 

(2) Vectors are generally assumed as rotating in a counter-clockwise sense 

(3) Vector quantities may be added or subtracted by “completing the paral 
lelogram.” See legend for Fig. 12. 

(4) The product of two vector quantities is represented by the product of 
their linear values by the cosine of the angle between them, and is proportional 
to the projection of one vector upon the other. (Also explained in Fig. 12 
legend.) 

While the voltage wave of most modern power systems approaches so closely 
to a true sine law that any departure may usually be neglected, it does not. fol 
low that the current wave will be so free from distortion. Many causes combine 
to make the law governing current flow differ from that which governs the 
form of the voltage wave. Among these causes may be mentioned capacitors in 
the system, motors with peculiar regulating or compensating devices, gas and 
vapor tube lighting apparatus, electrolytic processes, arc furnaces and magneti 
zation characteristics of iron in transformers and other inductive apparatus. It 
will be seen that no matter how intricate the mathematical law governing the 
flow of current, or how irregular it may be in its sequence of instantaneous 
values, it may be graphically represented as a wave; and it is in connection 
with electrical magnitudes which do not follow a sine law that the system of 
Wave representation finds its widest use. 








A COMPLETE SERVICE TO INDUSTRY— 


Metering, Controlling and Regutating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fuel 
and air to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- “¢ 
tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 


RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. 





Fluid Meter 


—CONTROLS— 


COMBUSTION control to main- 
— tain steam pres- 
sure and com- 
bustion economy. 


SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


CONTROLLERS for 
rate of flow,pres- 
sand sure,temperature 
and other factors. 





Control Panel 


—REGULATORS— 





FEED WAT regula- 
tors for feed water 
to steam boilers. 


PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 
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Regulating Valve 











Complete information on 
any of the above Bailey 
products will be gladly furnished upon request. 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 
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INSTRUMENTS 
BOOK SHELF 


Cathode Ray Tubes (Die Kathoden- 
strahirohre und ihre Anwendung in der 
Schwachstromtechnik) Ly Manrrev von 
ARDENNE With the assistance of Dr. Inc 
HENNING Knos_aucn. Julius Springer, Ber- 
lit (‘loth 6x9 inches, 398 pages, 432 
figs. l’rice 36RM 

Although the low-voltage cathode 
ray tube is widely used in laboratory 
measurements and is gradually coming 
nto prominence in the commercial field 
there has been no comprehensive book 
overing the broad field, to which a 
iser of the cathode ray tube could turn 





for information. Thi book, although 
‘ ering principally the work of Ger- 
man technicians, should be a consider- 
ible help to those interested in cathode 
ray oscillographs and their varied uses 
It covers quite completely the theory 
f operation of the cathode ray tube 


ind the various types of tubes avail- 
ible for specific uses. It also covers the 
various circuits and accessory appara- 
tus used in connection with the cathode 
ray tube and goes into a large number 
of important applications of the tube 

r both laboratory ind commercial 
use. The book is extremely well illus- 
ated with photographs and diagrams 
if the behavior of the cathode ray, of 
the tube constructions, of the asso- 
ciated apparatus and of the observed 


There are four main parts. The first 
deals with the theory of operation of 
the cathode ray tube and with details 
of tube constructions. Some of the sub- 
jects discussed are, general terms, state 
of the art, production of cathode rays, 
ionization tubes, hot cathode tubes, 
focusing of the beam by outside fields 
ind by gas focusing, various methods 
of modulating the beam, various meth- 
ods of deflecting the beam, tube con- 
struction in general, the fluorescent 
screen and tubes for special work 

The econd section deals with acces- 
sory apparatus. This includes methods 
of obtaining supply voltages for the 
tube, amplifiers, methods of obtaining 
the deflecting voltages from phenomena 
under observation, various types of 
sweep circuits and considerable data 
on various methods used in photo- 
graphic recording 

In the third section, devoted to lab- 
oratory applications of the tubes, the 
following subjects are discussed. Study 
of transient and periodic phenomena; 
in testing condensers, electronic tubes, 
rectiflers amplifiers, loud speakers, 
radio transmitters and receivers and in 
the determination of radio wave field 
strength and _ direction In addition 
specialized applications in telegraphy, 
telephony, high voltage testing, acous- 
tics, ballistics, internal combustion 
research and medical research, are 
discussed 

The last section deals with the ap- 
plication of the cathode ray tube to 
sound recording on motion picture film 
and its use in television. A rather com- 
plete bibliography and index are also 
included 

Recause of the many excellent illus- 
trations and diagrams in this book it 
is possible for a person unfamiliar with 
the German language to obtain much 
useful data from it. However, it is to 
be hoped that it will be printed in 
English, which would give it a much 
wider acceptance in this country 

Atten B. Du Mont (7.8)-B- 





At the January 29 meeting of the New 
York Electrical Society it was revealed 
by Dr. Orestes H. Caldwell, president 
of the Society and editor of Electronics, 
that the Society’s meeting of February 
22 will be devoted to showing how 
“Science Makes More Jobs.” To combat 
propaganda destructive to science and 
research, Dr. Karl Compton, chairman 
of President Roosevelt’s Science Ad 
visory Committee, and president of Mas 
sachusetts Institute of Technology, wi!l 
tell of the many ways in which research 
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While the wave shown in Fig. 11 is a true sine curve, those shown in a 
13 are representations of somewhat hypothetical currents, that at “A” | 
a rectangular wave such as might be obtained from a periodically reve: 
direct current and that at “B” a triangular wave, of a type which would | 


} 





tically never be met with in actual practice. The wave at “C™ in Fig. 13, | 4 
ever, while far from being a sine wave, is of a form frequently encount 4 
actually representing the flow of magnetizing current in a transformer 


that at “D” on the same oscillographic record is the voltage across the term 
of the same transformer. This was a commercial voltage and its form is 
typical and closely approximates a sine wave. 





q 

3. Average Value ; 

In the measurement of periodically varying magnitudes it is important 

distinguish among several different mathematical conceptions which may ay 
to those magnitudes. The instantaneous value of an alternating current 

course the value at any chosen instant of time, and in most alternating curr 

this value is not the same in two successive instants. Since half of the inst 











Fig. 13 

taneous values are negative and half are positive, and since the negative values 

are exactly equal to the positive values, the average of a complete cycle would 

be zero; and, as will be shown later, an instrument which measures only th " 
. E . by] 

average value of an electrical magnitude will give a zero indication if that 4 


magnitude be alternating. The average value of an alternating current is littl 


used except in computations. When it is employed it is generally taken as t 
average of all instantaneous values regardless of signs; and it may readily be | 
determined from the wave by plotting a number of instantaneous values 
throughout the cycle and finding their average. Or the average may be con 
puted from the equation by calculus. It is found that for a sinusoidal wave th: 
average value is 0.6371 the maximum value. 


4. R.M.S. Value 


The effective value of an alternating current is not the average of the 
stantaneous values of the current. The strength is defined by the heating effect 
An alternating current and a direct current are said to be equal if they pri 
duce heat at equal rates when they flow through equal resistances. An alternat 
ing current is said to have a strength of one ampere when the average rate at 
which it produces heat in a given resistance is equal to the rate at which heat : 
produced by a direct current of one ampere when flowing through an equa 
resistance. The heat produced by an electric current is proportional to t! 
square of the value of the current. Therefore, the effective current in a circuit 
is obviously proportional to the square root of the average value of heat pr 
duced by that current. Now, since the rate at which heat is produced at a1 
instant is proportional to the square of the value of the current at that instant 
it follows that the effective value of an alternating current is represented | 
the square root of the mean of the squares of the instantaneous values. Th 
is known as the root-mean-squared (r.m.s.) value of current. Obviously a 
alternating voltage, as well as an alternating current, is measured by the squat 
root of its average square value. It is found that for a sinusoidal wave the root 
mean-squared value is 0.707 the maximum value. Hence the ratio betwe« 
the effective and average values is 0.707 /0.6371 = 1.11, which value is know 
as the form factor of a sine wave. Form factors vary greatly with differe: 
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shapes of waves; but it is possible for two waves having totally different wave 
forms to have equal form factors.* That a particular wave form has a form 
factor of 1.11 does not necessarily mean that it is a true sine wave. 

Since the magnetic effect in a system where the sole source of field is a single 
current is proportional to the square of that current, it follows that the rela 
tionship existing between instantaneous and other values of an alternating cur 
rent is the same when determined on a basis of electromagnetic effects as on a 
basis of heating effects. 

The universal method of defining the strength of alternating currents by the 
square root of the average square value has the following advantages: 

(a) It makes possible the measurement of any alternating current, of what 
ever wave form, by its heating effect. 

(b) It makes electromagnetic instruments available for the measurement of 
alternating currents, and also for power measurements. 

(c) It brings alternating currents under the same laws of heating as direct 
currents. 

(d) It avoids the necessity of a factor in the expression for power, which 
would be different for each wave form. 

In general the two halves of an alternating current are symmetrical about 
the zero line; but in some cases they may differ. The wave on one side of the 
zero line may be flat and the other peaked. But in true alternating current the 
average values of the halves of the wave are identical. If the average values are 
not identical it follows that a direct-current component is present; and such a 
wave may be said to be a mixture of direct and alternating current. A pulsat 
ing or rectified current may be said to consist of such a mixture. In the meas 
urement of such currents special considerations are necessary, and these are 
reated in a later chapter. In general it may be said that when a direct and an 
alternating current, or two alternating currents of differing frequencies, are 
mixed in a circuit, the effective value of the resultant current is equal to the 
square root of the sum of the squares of the effective values of the component 
currents. 


5. Power 

In the same way as the power in a machine may be defined as the product 
of the force by the distance through which it acts, the power in an electrical 
circuit is represented as the product of the voltage across the terminals by the 
current flowing in the circuit. With direct current this conception presents no 
difficulties; and in alternating-current considerations where the current and the 
voltage are exactly in phase, i.e., where they go through their respective zero 
value, maximum value and all other values at exactly the same moments in 
the cycle, the power is represented by the product of effective values of cur- 
rent and voltage. Owing to circuit conditions, the current in an alternating- 
current circuit is more often than not out of phase with the voltage, the cur- 
rent leading, or more probably lagging, the voltage by a certain periodic time. 
In such cases the true power in the circuit is no longer the product of the cur- 
rent and the voltage. This will be better understood by reference to Fig. 14. 
The value of power at any instant is represented by the product of the in- 
stantaneous current and the instantaneous voltage. This product is at all times 
positive, and its representation, the wave w, is at all times on one side of the 
zero line and is of double the frequency of the component parts. The power 
flow, therefore, is unidirectional; and the real value is represented by the 
average height of the curve as referred to the original zero line. 

The quantity by which the product of effective value of current and effective 
value of voltage must be multiplied to obtain true average power as distinguished 
from “apparent power” is known as power factor; and where sinusoidal waves 
only are concerned, it may be defined as the cosine of the phase angle between 
the current and voltage. When the current reaches its respective values later 
in the cycle than the voltage, the power factor is said to be lagging, and when 
earlier, leading. 

The value of power factor may vary between -++-1 and —1; but it is gen 
erally expressed in percent. If the power factor of a circuit has a negative 
value it signifies that power is being transferred in a direction opposite to that 
considered as normal; and the circuit may be said to be “back-feeding.” The 
power factor of a circuit in which the current and voltage are not of the same 
wave form can never reach 100 percent. Since the power factor of a circuit 
is equal to the ratio of the true power to the volt-amperes, power factor might 
be defined as the ratio of the actual power to the maximum power that could 
be obtained with a given current and voltage. 


*R. R. Lawrence. Principles of Alternating Currents, page 106. 











and invention have created new indus 
tries employing hundreds of 
Among other distinguished speakers will 
be Dr. R. A. Millikan, the isolator of 
the electron, and Dr. Kettering, director 
‘ for General Motors. The 
meeting of rebruary 22 will be held in 


co-operation with the American Institute 


thousands 


of research 


of Physics, and the New York Museun 
of Science and Industry, 220 1 tend 
Street, New York, will also co operate 
by setting up a special free exhibit of 


inventions showing the many millions of 
man-hours of employment which each ha 


produced 





The Fourth International Conyress for 
Applied Mechanics will be held in Cam 
bridge, England, July 3 to 9, 1934 
jects to be discussed will be grouped 
under the four headings: (1 
Rational Mechanics, including vibration 
of structures and machines. (2) Mechan 
ics of including the 
boundary layer, heat transfer, and com 
pressible fluids. (3) Materials, 
elasticity, plasticity, fatigue, and crystal 
(4) Water Waves, including 
resistance and stability of ships 
planes. Inquiries regarding the Congres 
and promises of manuscripts should be 


Sub 


general 


Fluids, turbulence, 


including 


structure 
ind Sca 


addressed to the Applied Mechanic 
Division of the A.S.M.E., 29 W. 39th 
Street, New York. Summaries about 300 


words in length, written in English, Ger 
man, French, or Italian, will be required 
April 1, 1934. All who inti 


about those 





mate their intention of attending the 
Congress will receive, early in 1934, a 
further notice giving details of the ar 
rangements., 
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The Thwing Treasure Chest i 
to check all instruments actuated by 
thermocouples. And for checking the 
calibration of thermocouples 


‘Take the Treasure Chest to an in 
strument in service and check its ac 
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the shop. 
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Successful Results with 
The Treasure Chest 


Ask for Bulletin 16-1 BO 
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words the power flow has been reversed; and if, as at F, the two component waves 
in exact phase-opposition, the power flow has a negative value equal to the orig 
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Bis) Recording Pyrometer. Folde1 
illustrates and briefly describes poten- 
tiometer pyrometer. The Brown Instru 
ment Co., Philadelphia, Pa 
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6. Polyphase Systems 


Since practically all present day alternating-current distribution systems are 
of the polyphase type it is necessary that a clear understanding be had of the 
underlying principles of polyphase circuits, in order to pertorm measurements 
and calculations thereon. For reasons both technical and economic it is four nd 
desirable that alternating current generators and motors (excepting in very) 
small sizes) instead of having but one winding as indicated in Fig. 11, have a 
number of similar windings evenly distributed about the armature. As these 
windings will successively pass through their positions of maximum induction, 
-ero induction, etc., at different times, it will be seen that the voltages induced 
in them will likewise differ in time-phase position. While various phase rela 
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tionships have been used, the present-day practice is almost universally thre« 
phase, there being three distinct windings having independent voltages gene? 
ated in them, these windings being connected on one another and to the out 
side circuit in various ways. A three-phase a, may be considered as 
consisting of three single -phase generators having equal electromotive forces 
maintained at successive phase-displacements of 120 degrees. In Fig. 15 thes 
three alternators are shown, connected one to each of three line wires, their 
other terminals being joined to form what is known as the neutral point of the 
system. This so-called “Y-connection”™ is visualized in Fig. 16, a diagram gen 
erally used to represent a three-phase alternator. The corresponding «vector 
diagram is shown in Fig. 


Fig. 15 does not show the actual construction of any polyphase alternator. In practice 
the windings would be placed on a common core in the field of a common magneti 
system. Moreover, such alternators are only used in laboratories: the alternators us¢ 


in power plants have stationary armatures and rotating fields 

In Fig. 18 (where the remainder of the alternator must be imagined) « 
indicated the corresponding conditions for a different connection of the three 
single-phase units. Here the three generators that make up the alternator are 
connected in delta, thus forming a mesh- or delta-connected system? conven 


*For detailed discussion of phase and vector relationships in these diagrams, see “Swoope’ 
Lessons in Practical Electricity.” E. Haussman. XVIIth Edition, 1926. Pages 51 lf 


b4 iow Controtler. |) 


t ina Lea 
f 1 PAC 
( J 4 bu \1 
a 
bed Instruments for Glass Control 
tle I I 1 I t 
13 isch & L, » OD 
N. ¥ 
46 SO Vears of Progress 
klet mime. tit | 
t i bre l d Mot 
, Mich 
44 Indicating Pyrometer. 
Dulletit ’ in ! na 
tent meter DVI t« na 
\ I Ch | ( 
Mas 
bis Ohmite News. 
oe } t é ! ii 
inet i hh \ 
o, I 
49 Radio Tester. | 
ribe \ 611 Un l { 
Set Anna ‘ Sha ! Vif 
lingedale iva 
OU) Piltration Funnels. | 1 ( 
German) de ribe ! 
funnels and filte j < ‘ 
Schurman Cory New York Cit 
Bol wretched Plug and Bottle Stop 
per Remover, [Lulletin LO ae bye th 
new device. Kimer & Amend, New ¥ 
qcity 
5 Radiation Pyrometers. 
h ill t n ade { rye theol [ I 
mnd make tube nd t 
rh n Inst ment ¢ 1’) | 
IP 
53 Selientifie Instruments. 1 
t ) (salvo ; ade bye 
eters, photogxraphti« recordit | 
t ind ilvanome te 
I. J. Kipp & Zonen, Delft, Holland 


! 

Bod Remote Liquid Level and Pres 
sure Recorders and Indicators ! de 
‘ bed in Sapawke Bulletin SO0, RR 
Flow Meters Co., Chicago, 11 

hoo Pressure Indicators, 1-) eB 
letin Nit) deseribe ! ilti-p nt jraft 
ind low mre ure indi itor [te 
Me i: Chieng ] 
Conve etible Mic roscope. leolde 
de ibe ba de] H ind add 
tional part + iia & Lomb Opt 
(o Rochester, 3 \ 

[iO 7 Instraume nts for Metals, | 
tflective December f 1933, oF 


nstrument for exnat nin nad 





tos Heating Klements. | 
let entitled “Spots of Heat for Ind 


Boo Glass Tubing. Pulletir ! 


CoO Precision Deviees. | | ( 


(Standard Gare Co.) Lou ( eit 
Cn New York Cit 
bel Steam Traps. AL ire cnt 


entitled “The Solution of Your Conder 





INSTRUMENTS, 330 W. 42nd St. 
New York City 


Please have me supplied with a copy of 
each piece of Manufacturers’ Literature 
listed below. 


Name. 

Position 

Firm 

Street and No. 


City State 


INSTRUMENTS 
Feb. 1934—Page 33 











NEW 
INSTRUMENTS 


Write Information Section, instruments Publishing 
Company, for additional Informati 











Resonant Relay 


General Electric Co. 
HIS a.c. device has an adjustable 
pick-up and drop-out voltage. It con 
sists of a rheostat, reactor, capacitor, 
contactor. This combination of de 
circuit capable of 


L! Rheostat L2 


and 


vices constitutes a 


| Capacitor Reactor 
- 
} +f} BRS? 

“| WW 5 

Contactor 
resonance or tuning which occurs at a 
definite voltage depending on the con 
stant of the various elements used in the 
circuit. The relay has so far been applied 
mainly to throwover panels where it is 
required to change from a normal to an 
emergency source of power if the voltage 
of the normal supply falls to a given 
percentage of its rated value. 





Pressure Governors 


General Electric Co. 
MPROVED pressure governors, desig 
nated as type CR2922, are said to be 
especially adapted for pumping station 

service and for industrial processes. The 
furnished to read water 


scale can be 





Ibs. 


instead of the usual 
Adjustments can be made between 


heads in feet 
in.” 
the limits of 20 to 80% of full scale rat- 
ing. The maximum differential is 60%, 
the minimum 2%, and the accuracy at a 
setting 1% of the full scale. Illustration 
controller with cover removed. 
Dimensions (with cover on) are 10” high 


by 14” wide by 5” deep. 


shows 





"Noise Microscope’ 


E. E. Free Laboratories 


RDINARILY, noise measuring 

and analyzing equipment is de 

signed to substitute quantitative 
determinations for qualitative estimates. 
There still remain, however, applications 
where neither decibel readings nor fre 
quency distribution graphs are more use 
ful than a specialist’s trained ear. Ex 
ample, the ring of a railway car wheel as 
an aid to detecting cracks. To extend the 
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tionally represented in Fig. 19, and having a vector diagram as shown 
Fig. 20. 

The order in which the several phase voltages of a polyphase system rea 
their maximum values is referred to as the “phase rotation” or “phase 
quence” of the system. 


The power in a polyphase system may be considered as the sum of the pow q 
components in the several windings of the generator or its equivalent. C s 
sidering the Y-connected machine in Fig. 15, and assuming that the three vw 4 


ages are equal to one another, and that equal currents I are drawn from t! 
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Fig. 18 
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So 8 Fig. 
c 4 
b Fig. 2 ; 
) Fa 
three windings, since the power in each phase winding is represented by th: 2 
equation W, = EI cos %, the total power will be represented by W = 3E,! 4 
= 3E wl cos ? $ 
cos %, or, since the line voltage E,, is equal to \/3 E,, W - — : 
— \ : 
V3 Expl cos %. By a similar reasoning it will be seen that exactly the same law 
applies to the delta-connected system, so that in general the power in a thre 
phase circuit where a balanced load exists may always be expressed as W 
\ 3EI cos #. : 
In the foregoing expressions for power in a three-phase system, assuming a 
balanced load, it is evident by transposition that the value of power factor 2 
W ‘3 
represented by the expression cos ¢ * 


V 3EI 
7. Considerations of Unbalanced Loads 

While in the ideal polyphase system the line voltages are equal in magnitud 
and evenly spaced in time relationship about the cycle, and while in practi: 
this ideal condition is generally approached to a degree that errors may lb 
neglected, the same does not hold true for the current values in the several lin 
or phases. When the currents are unequal the load is said to be unbalanced 
and measurements of such loads present some special problems which requir 
consideration. As in the balanced load, the total power in an unbalanced load 
is represented by the sum of the power elements in the several phases cot 
sidered individually. The power factor of an unbalanced load, however, is a1 
indeterminate quantity; and its true significance has been made the subject ot 
much controversy. The basic difficulty lies in finding a true definition of “volt 
amperes” as applied to such a load. While from a truly mathematical stand 
point the controversy may never be settled, certain conventional methods o! 
representing and determining an equivalent quantity have been used and ge: 
erally accepted; and these will receive further consideration in the August 
instalment of this series. 
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DEVELOPMENT ENGINEER — 
To take charge of Engineering 
Department in well established con- 
cern. Must have decided inventive 
ability and original ideas. Man with 
background in process industries, 
preferably experienced in the auto- 
matic control field. Must be capa- 
ble of executive and management 
duties. Give full qualifications in 
your reply, which will be treated 
confidentially. Box M, INSTRU- 
MENTS, 330 W. 42nd Street, New 
York, N. Y. 


POSITION WANTED 
SALES ENGINEER — With ten 


years of experience in maintenance, 
sales research and sale of industrial 
instruments and controls. Technical 
education. Thoroughly understands | 
industrial selling. Now employed, 
with authenticated sales record made during 
depression. Can furnish references from 
most important buyers in his territory. 
Would like to connect with live organiza- 
tion that will grant income commensurate 
with results obtained. Address Box H, IN- 
STRUMENTS, 330 West 42nd Street, New 
ce Se A 
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field of such observations there has been 
brought out a portable equipment (size 
of small suitcase) which magnifies to 10° 
or 107 the localized sounds in products 
being tested. An attachment lets user 
verify the sensitivity of his own ears at 
any time, to make sure that unusual 
sounds are not subjective as in the case 


of head colds. Another attachment is a 
filter for selecting desired frequency 
range and excluding extraneous sounds. 
In addition to the testing of welds, leath 
er, catgut, etc., the equipment is said to 
be applicable to medicine, watchmak 
ing, the study of fluid flow in engines, 
pumps, fittings, ete. 





A New Type of Demand Meter 
By B. H. Smith* 


HOUGH gas is sold by the cubic 

foot, water by the gallon and elec- 

tricity by the kilowatt-hour, the cost 
of producing and delivering them is not 
strictly proportional to quantity. Espe- 
cially with electricity, the cost of serv- 
ing a customer who runs a 100 h.p. motor 
for one hour a day is much greater than 
for one who operates a 10 h.p. motor 
ten hours a day, though both use the 
same number of kwh. The 100 h.p. motor 
requires a larger generator, heavier 
cables and larger transformers, switches, 
fuses and protective apparatus at sev- 
eral points along the line. Hence the 
“demand charge.” This should be based 
on the highest load for a short time 
period, say 15 or 30 min., which occurred 
during the month, but may not neces- 
sarily be fixed by the actual number of 
kwh. used during that period. One index 
of demand is the temperature of appa- 
ratus in the circuit. Satisfactory demand 
meters are available which themselves 
operate on the heating principle and 
produce a temperature in their mechan- 
isms and a reading on their dials which 
on steady loads is directly proportional 
to the load, and on variable loads is 
proportional to the heating value of 
those loads. It is the purpose of this 
article to describe a new demand meter 
which follows the same law as the “heat 
storage” or thermal meter, yet whose 
operation is purely mechanical and is not 
subject to errors in thermal meters due 
to (1) physical limitations of available 
materials and (2) the fact that escape 
of heat is not exactly proportional to 
temperature. 

Fig. 1 is a perspective outline of this 
new meter. A and B are small crown 
gears which with planetary gear G form 
a differential which, through the relative 
speeds of its parts, controls the angular 
position of involute cam C. The cam is 
mounted on a shaft which connects with 
demand pointer D. A_ solid aluminum 
ball rests against the edge of cam C and 
is positioned between driving disk E and 
driven drum F. At the zero position of 
the cam, the demand pointer is at zero 
on the seale and the ball is held at the 
exact center of driving disk E. Gear A 
of the differential is driven by the watt- 
hour meter; gear B by drum F of ball 
mechanism. As long as there is no load 
on the watthour meter, and if the ball is 
at the zero position, the differential re- 
mains at rest and driving disk E simply 
rotates at a constant speed due to a 
connection with the synchronous timing 
motor, but no motion is imparted to the 
ball and the demand pointer remains on 
zero. Now, if a load is applied to the 
watthour meter, its side of the differen- 
tial is driven at a speed proportional to 
this load, the cam begins to move, and 
since drum F is tilted at a slight angle, 
the ball follows the cam and moves a 
little away from the center of disk E. 
Immediately the ball begins to rotate 


_ "Meter Engineer, Westinghouse Elec. & Mfg 


0. 





about an axis which is parallel to the 
drum and which passes through the con 
tact point between the ball and cam so 
that there is no friction at this point to 
prevent free rotation. Since the ball is 
resting on drum F and rotating about a 
parallel axis, the drum is driven at the 
same surface speed as the ball and in 
turn drives gear B in a direction ar- 
ranged to be opposite that of gear A. 
Thus the motion of planetary gear G 
with cam C is equal to the difference be 
tween A and B; therefore, if for any 
position the speed of B is equal to A, 
the cam remains stationary in that posi- 
tion. Referring again to the position of 
the ball against driving disk F, it is evi 
dent that the rotational speed of the 
ball and, consequently of drum F, is 


SyvcHRonous Moror 
Fig. 1 Phe 7 


proportional to the angular position of 
the cam since the radius or “rise” of the 
involute cam is exactly proportional to 
its angular position. Then for any given 
load and corresponding r.p.m. of A, 
there is a definite position of cam which 
will give an equal and opposite speed of 
B. The cam moves until this balance 
point is reached and there remains until 
the load on the watthour meter changes 
to a new value. 

Since the rate at which the cam with 
the demand pointer D moves is equal to 
the difference in speed between A and B, 
it is evident that this rate starts off at 
a relatively high value, then becomes less 
and less as A minus B approaches zero, 
and the time to fully reach the balance 
point is very long. Thus the advance of 
D over the demand scale is rapid at first 
but becomes less and less as the final 
position is approached. For the same 
change in load, the descending rate as 
the demand pointer returns to zero is 
exactly the same as the ascending rate. 
Thus, if the watthour meter stops, gear 
B simply continues to rotate and carries 
the cam in the reverse direction at a 
slower and slower speed until finally the 
ball is again at the center of disk FE and 
all motion stops. All of the above is 
analogous to a thermal meter where the 
pointer moves at a constantly decreasing 
speed or rate until the escape of heat 
just balances the heat input due to the 


watts in the circuit being measured. In 
both cases if any load is applied the time 
t to reach any point a@ on the scale is 
given by the equation / l’ log 

b—-a 
where 6 is the final reading and a is some 
percentage of that reading and T is the 
time which would be required to reach 
the former balance point in the thermal 
meter if there were no escape of heat 
Then, if the 90% point is selected, the 

LOO 
equation becomes ¢ T log, or 
100 90) 

$= 2.902 T. 
avoid the escape of some heat, the time 
element of a given design of thermal 
meter may only be determined and ad 
justed by experiment after first building 
a model and operating it with various 
adjustments until the desired value of ¢ 
is found from which the value of 7’ may 
be calculated. In the new 
logarithmic meter under discussion, how 
ever, we may simulate the desired condi 
tion by simply stopping the synchronous 
motor. Then the watthour meter will 
carry forward the cam with its attendant 
demand pointer at a constant speed and 
will reach a given point in a time which 
is determined by the gear ratio between 


Since it is impossible to 


mechanical 





the watthour meter and the demand 
pointer, and which is the value of 7 in 
the above equation. 

It is easy to check the time element 
and general condition of this meter, what 
ever its momentary reading or connected 
load may be: the demand pointer is 
manually reset to zero at will (since this 
operation merely slips a friction clutch 
between the watthour meter and the dif 
ferential) and the time necessary to 
reach a given indication is measured with 
a stop watch. Thus is avoided the long 
wait which would be necessary if the 
meter had to be disconnected from the 
load and allowed to return itself to zero 
along its normal logarithmic curve 

Operation is smooth and continuous; 
there is no tripping or sudden resetting 
of parts which might cause them to get 
out of order. As to whether there is any 
slipping of the ball: tests were made with 
the maximum hand friction adjustment 
tightened up until the torque required 
to move it was many times normal, yet 
there was no measurable error in the 
r.p.m. of the ball side of the differential 
The other operations involve only well 
known mechanical elements, such as 
gears, pinions, differentials and a low 
speed type of synchronous motor 
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“Metameter'' Remote Recording System 
The Bristol Co. 


HART records of pressure, liquid 
level, temper iture (or other meas 
urable condition producing a de 
flection of a standard Bristol measuring 
element) can be obtained at any dis 
tance up to 250 miles by means of this 


new system. At the sending end there is 


transmitter 


iid to require practically 








TRANSMITTING ENC 


“down” mechanism, in like manner, hav 
ing traveled for the time of contact off, 
iso returns to its starting position 
Once in every cycle, the pen is thus 
shifted to a new position (if necessary 
by one of the two positive drives. 

In every individual svstem, of course, 
the transmitter Telechron (or other ae 
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Fig. 1 Fig. 2 
1. Motor housing 6. Measuring element spindle 10. Cam shaft arm 
2. Cam position detector 7. Lever arm actuated by measuring 11. Indicator 
3. Positioning cam element 12. Tripping rod 
4. Counterweight 8. Micrometer adjustment 13. Contactor carriage 
5. Zero adjustment 9. Connecting link 14. Continuously-rotating cam 


no attention; at the receiving end of the 
two-wire line there is a “relay and rec 
tifier box” (containing simple elements ) 
in addition to a Model 40M > square-case 
12” chart recorder. Circuit disturbances 
can neither affect the positiveness of the 
remote measurements nor impair their 
vecuracy, it is said, because the system 
does not depend on electrical balance 
but employs the “Chronoflo” duration 
of-contact principle (see Jnstruments, 
Vol. 5, Oct. 1932, page 244). Fig. l is a 
front view of transmitter with cover 
plates removed; Fig. 2 is a circuit dia 
gram of the entire system. 

Operation: Measuring element = (at 
back of transmitter—not visible in Fig 
|) rotates spindle 6, thereby positioning 
cam 8 tiicough lever 7, link 9 and lever 
10. Cam 14 rotates continuously (usually 
it 1 rp.m. and usually by means of a 
lelechron) and periodically lifts con 
tactor carriage 13, the duration of con 
tact in each cycle being determined by 
cam 8 through tripping rod 12. Refer 
2: When contact is 
made at transmitter, relay closes “U” 
circuit; and when contact is broken at 
circuit 


ring now to Fig 


transmitter, relay closes “D” 
W hile wes he 
clutch engages the receiver motor and 
causes one pointer positioning mechan 


circuit is closed, a magnetic 


ism to move in up-scale direction. When 
“LU” circuit is open, this “up” mechan 
ism drops back to zero to await next 
impulse (and pointer remains where it 
was) but at this same moment the 
“down” mechanism starts moving. This 
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curate timer) must be matched to the 
one in the receiver, but the commercial 
ac. supplies employed at the two ends 
need not be of the same frequency. If 
no ac. supply is available, a_ suitable 
clockwork is fitted into the transmitter 
or receiver. Although a metallic (2-wire) 
circuit is preferable, ground return is 
practicable. Over long distances, public 
telephone lines may be used through ar 
rangement with A. 'T. & T. and subsid 
iaries. Current required to operate a 
Metameter is 40 m.a. at 6 volts d.c. 





Sensitive Relay 


Automatic Electric Co. 

WO performance graphs are given 

out by the manufacturer in lieu of 

general assertions regarding this new 
Type 32A 10 Twin Coil Relay. This de 
vice is a development of the “high-low” 
voltage control relay employed in the 
automatic power-control circuits — in 
Strowger Dial exchanges and is brought 
out for industrial control applications re 
quiring a micrometer adjusted relay op 
erating within definite narrow limits and 
responding to a wide variation in ap 
plied voltage. By means of the microm 
eter adjustment of spring tension the 
relay can be adjusted to operate or re 
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lease on an exact current value. Fig 
shows the various available spring 
semblies, in the inoperative condit 
Phe contacts will open and close 
cuits of 0.5 amp. 110 volt d.c. induct 
load; | amp. 110 volt d.c. non-induct 
load: | amp. 110 volt a.c. non-induct 
load. The armature is suspended 
bronze pivots (one of which is adj 
ible) to minimize friction and assure 
curate motion. It has provision for 
justing residual air gap to secure defi 
release action, and for adjusting str 
under actual operating conditions. ‘I 


relay may be fastened to mounting pl 
or panels in various ways, or may be ¢ 
nished in various housings, Fig. 2. she 


ing a glass cover and wooden base c 
bination. Thirteen pairs of coils 
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RESIDUAL SETTING - THOUSANDTNS Of AN INCH 


iwailable, to meet conditions of app 


cation, requirements of heat dissipation 


etc. Standard coils will safely dissip 
15 watts per pair; special coils will d 
sipate 20 watts without overheating. Fi 
3 and 4 show the operating characte) 
tics: Fig. 3 plot pull in grams agai 
unpere-turns required to develop t 
pull for five values of armature stro 
Fig. 4 gives armature load required 
restore armature at different settings 
residual screw, the values being plott 
for maximum degree of magnetizat 
(secured by saturating coil cores fo 
seconds before each observation). 





Small Solenoid Valve 
General Electric Co. 


N entirely new solenoid valve 
use in standard %4-in. piping « 
be used in a wide variety of 

plications for controlling the flow 
water, oil, air, gas, or low -pressure ste 
it pressures not in excess of 150 Ibs. 
ind at temperatures not in excess 
212°F. Its overall height is only 4/ 
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OMPLETE elimination of frictional 
or other drag on measuring ele 


q ments by control elements has been 
i attained in these instruments, designed 





Air-operated Recording and Indicating Controllers 
Bailey Meter Co. 


few air-operated controllers can 
such a test, and that any recorder-con 
troller which fails to pass this test pro 
duces unreliable records 


pass 
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pressure, temperature, liquid level and 
position. The recording pens or indicat 
me ing pointers are as free to travel over 
their scales as if there were no connec 
tion to a pilot air valve, and this inde 
2 pendence is due to the design and con 
struction of the pilot valve itself. Fig. 1 
is a schematic diagram of a pressure con 
troller: connecting tube 14 transmits the 
pressure to coil 3 which actuates both a 
recording pen (not shown) and lever 13 
which is connected to stem 4 of air valve 





4 6 by link 12. Stem 4 carries two equal 
ey size balls 5 so positioned in reference to 


ea ieate 


their respective annular ports that up 
ward and downward forces are balanced 





“INDIVIDUAL AIR FILTER —SINGLE ACTING 
PILOT VALVE 


: FLOW SPINDLE MICROMETER 








at all times. This is shown better in Fig. 
2 which is twice actual size. To minimize 
air leakage, clearance between ball 5 
and sleeves 2 or 9 is small (a construc 
tion which obviates necessity for stuffing 


= boxes). The negligible flow of air past 


the close-fitting balls prevents actual 
contact between balls and 
sleeves, the air film eliminating friction. 
Thus, if pin 11 (Fig. 1) were removed, 
stem 4 would drop freely. The small 
weights of 4, 11 and 12 are naturally 
constant and are not a “drag” opposing 
displacement, so that there never is a 
variable force, due to control elements, 
acting on helix 3—provided of course 
that pilot valve 6 is vertical or nearly so. 
This may be verified by quickly opening 
and closing air supply 1 and ‘observing 
that the recording pen or indicating 
pointer remains unaffected. It is said that 


/ ADJUSTMENT 





design is that valve 6 imposes no limits 
on the travel of the recording pen or in 


dicating pointer. Even when 12 is con 


nected to last hole of 13 in ord 
controller respond to extremely raat cle 


partures from setting point, the entire 


measuring range of the instrument re 


mains “wood,” and the reeords are 
“faked” by being Kept between mec 
ical limits 

The operation of these new i 


similar to th 


nents is essentially 


Ope rated controllers, the specihie tune 


of each controller being to comminnad 
diaphragm-motor valve. Gage 2) sho 
whether the correct) pressure is” bei 
supplied ; gage 9 indicates the air pre 


sure on the diaphragm and henes witl 
in certain limits, generally between 5 and 


20 Ibs.) the percent opening of the cor 





Positive-drive Air-operated Control Systems 
Bailey Meter Co. 


OR applications requiring that the 
power device under command of the 
more 


control instrument be much 


powerful than a diaphragm-motor, and 


it the same time more precise in its 
small-increment response, the Bailey 
“Relay Type” Control System has been 


brought out. Its power device is the new 
Bailey Pneumatic Control Drive which is 
a pneumatic evlinder equipped with a 
novel pilot relay and which utilizes com 
pressed air at the full supply 
Its) primary 
temperature or 


pressure 


element Thal respond to 


pressure, differential 
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trolled valve. Ino these instrument thre 
setting is “micrometric” by reason of ad 
justment 15 which rotates the pressure 
or temperature helix as a whole Phi 
setting is not “blind pointer 7 na 
scale 8 serving to guide the operator 
Fig. 3 shows a flow recorder-controller 
the temperature, pressure ind liquid eve 
recorder-cont rollers differ slighth i 
their interior mechanism. The indi | 
controllers are made up ino round. 
models 
transmitted to the interior of oi enled 


bell 2 by pressure line 3. As this be 

moves to balance the pre ure in duet 1, 
it lowers pilot valve stem 4 whieh oper 

the control pressure line 5 to atmo phere, 
thereby decreasing the control pressure 
is indicated on gage 6 This decrease in 
control pressure destrovs the equilibriun 
between the force exerted by the control 


pressure in sylphon 7 and the tension of 


spring $8, with the result that sylphon 7 
contracts and raise relay pilot) val 
stem 9, admitting air at full supply pre 
sure from line 10 through line 12 to the 
oo ap ~~. 
| 
| 
| | 
| 
| ‘ 
} 
} 
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pressure and may be a helix, a liquid 
sealed bell, a differential manometer, etc 
It employs also the new Bailey pilot air 
valve described elsewhere in this issue. 
The several elements of a typical system 
are shown in the schematic diagram, the 
particular system illustrated being a 
draft or pressure controller, the purpose 
of which is to maintain a predetermined 
pressure in duct 1. Should the pressure 
drop below the set point, this drop is 
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upper part of control drive evlinder Ll, 
while the lower part of control drive ev! 
inder 11 is opened to atmosphere through 
line 13. This causes the piston to move 
downward opening the damper in duct 1, 
and relieving the tension of spring 4, 
thereby 
the spring tension and the force exerted 
by the loading sviphon 7 
When this balance is restored, relay pilot 
valve 14 returns to its neutral position, 
thereby closing the cylinder of the con 


restoring the balance between 


pressure in 


trol drive to both supply 
atmosphere. 


pressure ina 
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Voltage Regulator 
The Acme Electric & Mfg. Co. 
OR electrical appliances such as ra 
dios or refrigerators the “Variable 
Voltage Adjustor” permits adjust 
ment of the primary line voltage from 


either below or above normal to the 


proper operating voltage. It is similar in 
construction and appearance to an ordi 
transformer, with a 
series of taps in ‘the case, a manually op 


nary step-down 

















erated dial, and an instrument to indicate 
the secondary voltage. It is said to be 
“ideally suited for service shop use,” as 
it affords a means of testing electrical 
products under low-voltage and over- 
voltage conditions, simplifying low-volt 
age and over-voltage conditions, simpli 
fying the location of some performance 
troubles. 





Audible Fire Alarm 
The Gamewell Co. 


NTIRELY self-contained in a Bake 
F lite body, the “Vitalarm Signal” fits 

any ordinary light socket (115 volt 
60 cycle a.c.) and sounds an audible sig 
nal when ambient tem 
perature (1) rises at a 
more rapid rate than 15 
or 20° F. per minute, or 
(2) exceeds 150° F. The 
rate-of-rise element is an 
air-expansion contactor 
with small leak; the 150° 
contactor is bimetallic. A 
small neon lamp at the 
bottom indicates that 
current is on and hence 
that signal is operative 
(a burned-out lamp, 
however, will not render 
device inoperative). “Extension how! 
ers” may be connected to occupied 
quarters from garages, oil houses and 
other unwatched fire spots. Frequent 
testing (a safety requirement) may be 
made by non-technical persons. 








Circular Slide-rule 
Tavella Sales Co. 


N improved process of etching 
black lines on nickel silver has 
made possible the development of 

this indestructible “Tasco” pocket slide 
rule which will, it is said, retain its ac 
curacy indefinitely. Diameter is 2.75”; 
length of multiplication-division scale, 
6.3” as against the 5” “A” scale of a 10” 
regular slide-rule. One side has five 
scales: log, C, D, Cl or C inverted and 
kK; the other side has sines and tangents, 
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and A and D for squares and square 
roots. Complete directions are given in 
the “Tasco Manual” furnished with each 
scale. It is said that this rule can be 
dropped, trampled on, or immersed in 


liquid, without 
curacy, 


impairing original ac 





Wave Band Switch 
H. H. Eby Mfg. Co. 


EFINITE indexing is one of the 
characteristics of this new switch; 
others listed by maker being 


compact 


design, low capacity, sturdy 

construc 
tion, single-hole 
mounting, _ sil- 
ver-plated con- 
tacts and low 
contact resis- 
tance, special 
solder lug fea- 
tures, etc. It is furnished 
in all combinations, from 
single-pole _ single-throw 
to 4-pole double-throw 
and is claimed to be able to withstand 
rigid life tests. 








Improved Dynamometer 
Westinghouse Elec. & Mfg. Co. 
[: ASMUCH as the generator cradle 


a dynamometer swings but a few d 

grees when the scale is loaded or | 
loaded, accuracy of measurement depen 
on elimination of friction in this mo 
ment. Kven with ball bearings the stat 
friction is greater than the running f; 
tion, and the few balls at the bottom 
the bearing carry nearly all the load ar 





tend to fatigue. It is reported that bot! 
difficulties were solved by rotating th« 
bearing even when the cradle and thi 
pedestal supports stand still. A new and 
interesting bearing is required: the i: 
ner race mounts solidly on the hub of th 
generator cradle and around this is a ro 
of balls. Outside of this is an intern 
diate race with still another row of bal! 
between it and the outer race held by thi 
pedestal—like two ball bearings in series 

With both inner and outer races sti 
tionary, the intermediate race is rotated 
through gears by a small motor. All of 
the balls are kept in motion so that 
static friction is eliminated. The bearings 
at the two ends are rotated in opposit 
directions, consequently the running fri: 
tion is balanced out. The result is that 
the friction error has been reduced to 
1/5 of its former value. 





In this Section we strive to present ALL the news of devices for measure- 
ment, inspection and automatic control, in the form of concise technical de- 
scriptions. Most descriptions are written by our own engineering staff; some 


are prepared by manufacturers and carefully censored. NONE IS PAID FOR, 


DIRECTLY OR INDIRECTLY. 


When writing to manufacturers directly, please mention this Section as 


your source of information. 





Explosion-proof Control 
General Electric Co. 


DDITIONS to the line of explosion 
proof control equipment include 
several new devices which have 

been tested and listed by Underwriters’ 
Laboratories for use in hazardous gas 
locations. Among these is a “start-stop” 
push-button station with a cast-iron case 
and oil-immersed contacts and connec 
tions, and two sizes of manual motor- 
starting switches with air-brake contacts. 
The larger of these is furnished with 
either two or three poles for use with 
single- or 3-phase motors up to 7% hp. 
at 440 volts. The smaller size is for use 
with single-phase motors only in sizes up 
to % hp. at 110 or 220 volts. 


Precision-bore Glass Tubes 
Fish-Schurman Corp. 


ENA “KPG” tubes are announced in 

various longitudinal or cross sections 

with bores accurate to 0.0004” ger 
erally, and to 0.00004” in special cas 
Appearance is that of clear glass tubi 

not matted. Various types of Je 
glass can be supplied, including G: 
which has a low coefficient of expansi: 
and extreme resistance to acids and 
alkalies. Minimum inside diameter is | 
mm.; maximum 50 mm. Precision bores 
make possible accurate capacity me 
urements by merely placing a_ sc: 
alongside the tube, and are necessary 
viscosimeters, barometers, manometer 
etc. 
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Pliotron Relay 


General Electric Co. 


N a double Pliotron relay each of the 


relaying circuits is employed to re 

spond to the closing of extremely deli 
cate contacts and actuate alarm circuits. 
In one case, the delicate contact consist 
ed of a simple contact between water and 
a contact wire. A safety relay is con 
nected in series with the alarm relay. ‘The 
normal current through the two relays is 
sufficient to hold the safety relay ener 
gized so long as the Pliotron tubes are 
in operation. In case of tube failure, 
power failure, or other trouble with the 
system, this safety relay drops out, there 
by energizing a secondary alarm circuit. 





Mercury Contact Relay 


Automatic Electric Co. 
OR a.c. operation, this new relay 
will handle comparatively heavy cur- 
rents, is quick acting and can be 
equipped with either one or two mercury 
contacts, either or both of which can be 
arranged to make or break contact upon 





the operation of the relay. It is similar 
to the d.c. mercury contact relay pro 
duced by the same company and can be 
supplied either with an angle bracket 
and without a cover; or on a Bakelite 
base with a Bakelite cover, the base be 
ing equipped with studs for switchboard 
mounting. The a.c. relay is designed for 
operation on 110 volts 60 cycles and has 
a contact rating of 20 amps. at 120 volts 
non-inductive load. 





“Pilotel"’ Remote Metering 
Westinghouse Elec. & Mfg. Co. 


XTENSIVE interconnected power 
systems make it frequently necessary 
yto have accurate and reliable indi- 
cation of volts, amperes, watts, power 
factor, frequency, etc., at points as re- 


mote as 200 miles. It is said that the new 
Pilotel affords sustained accuracy and 
unusually fast response. It produces a 
small flow of direct current proportional 
to the measured magnitude, which flows 
through an indicating instrument of 
standard type, the torque of this instru 
ment being opposed by that of a balance 
ing milliameter. Carried on the same 
moving system is a pilot coil connected 
in the grid circuit of an electronic am 
plifier. The d.c. output of the amplifier 
flows through the balancing milliameter, 








the line and the receiving instrument. A 
change in the torque of the measuring 
instrument causes the pilot coil to move 
and this, by means of the amplifier, 
changes the current flowing in the bal 
ancing instrument and external circuit 
This change continues until the balane 
ing milliammeter develops an opposing 
torque exactly equal to that of the meas 
uring instrument. This produces a cur 
rent which is proportional to the torque, 
hence proportional to the measured mag 
nitude. Any external condition which 
changes this current again unbalances 
the sending instrument, moves the pilot 
coil and brings about a current from the 
amplifier which promptly restores the 
balance. The “sending” end of the Pilotel 
remote metering equipment, which is the 
novel part, is illustrated. It consists of 
the measuring unit (left) and the ampli 
fier (right). The output of the amplifier 
is controlled by the pilot coil at the top 
of the measuring unit. 





Electronic Control Devices 
General Electric Co. 


Photoelectric Counters 

EVERAL photoelectric relays were 

designed for counting up to a pre 

determined and preset number of 
objects and then closing a control cir 
cuit. A photoelectric traffic counter for 
use on toll bridges is unusual in that 
although only two light beams cross the 
roadway, the counter registers vehicles 
passing in opposite directions separately. 
If the light is obstructed for more than 
a few seconds, or in case of a burnout, 
an alarm circuit warns the tollhouse at 
tendant. 


Ultra-high-speed Photoelectric Relay 
ESPONDING to light or dark im 
pulses as short as 0.0001 sec., this 
new relay includes an amplifier tube, 

a Thyratron tube and a small rectifier 

tube to supply a source of direct current 

for operation of the other tubes assem 
bled on a panel and mounted in an en 
closing case. A separately mounted pho 








totube is connected to this case by a 
flexible cable. The amplified phototubs 
impulse changes the voltage on the grid 
of the Thyratron tube and causes it to 
conduct. Since the Thyratron tube i 
supplied with direct current, it continue 
to conduct even after the impulse ha 
passed. The Thyratron anode circuit has 
to be reopened by external means before 
the next operation occurs 


D.-c. Photoelectric Relay 
OMPACT and _ relatively inexpen 


sive, this photoelectric relay, ce 
signed to operate from a 115-volt 
d.c. power supply, is so arranged that 
the various voltages nece irv for the 
operation of the amplifying system ar 


obtained from a tapped resistor mounted 
directly on the enclosing case which con 
tains the phototube, radiotron, adjusting 
potentiometer, and sensitive relay The 
resistor is protected by a_ perforated 
metal cover. A minimum illumination of 
5 foot-candles is required to cause the 
relay to pick up. The device can be op 
erated from light flashes or interruption 
of not less than 1/15 see. duration with 
not less than 1/15 sec. between impulses 
The power consumption is approximately 


35 watts 





Sensitive Relay 


Ward Leonard Electric Co. 
PERATING on 14 milliwatts, thi 


new relay is said to be suited to 

photoelectric ind similar ipphi 
cations characterized by extremely lov 
current values. The design and construc 


} 


tion of the magnetic circuit is idl to 





provide high sensitivity at low induction, 
good contact torque at pull-up and a 
crisp constant drop-out that can be ad 
justed to 85% of the pull-up value 
Where smaller gaps between contacts are 
permissible, it is said that the relay can 
be adjusted to give positive operation on 
as low as 4 milliwatts. 
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Multi-point Draft and Pressure Indicators 
Republic Flow Meters Co. 


ORIZONT AL, seales permit “stack 
4 ing” desired number of units as 

shown in front view (Vertical 
cale instruments also are = available.) 
Standard case 
vidth is 18”, 
overall depth 
13%” wit hy 
only 1” pro 
truding when 
flush mounted 
Draft and 
pre ssure ele 
ments employ 
ilum-tanned 
olon leather 
diaphragms 





the center 
ireas of which 
ire he ld by 
pairs of alum 
inum disks, 
each support 
ed in. vertical 
position by a long two-point pivot bear 
ing through which diaphragm motion is 
transmitted. Thus, diaphragms do not 
support any parts of mechanisms, and 
sensitivity is said to be extremely high 


Diaphragms being “slack,” pressure 
measurement function is performed en 


tirely by calibrated phosphor-bronze load 


ing springs. These are of simple flat form, 





ind heat-treated to assure permanence 
of calibration. Draft and low-pressure 
elements with large diaphragm chambers 
can be stacked without altering uniform 
ity of front appearance, by reason of ar 
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rangement whereby they are alternate: 
in right and left of case back to sa 

space. Any element can be removed b 
loosening one screw and one nut, withor 
interfering with adjacent elements. Cass 
have side plates easily removable for it 
specting or interchanging elements, are 
dust-proof, and are white-enameled i 
side to aid illumination of translucer 
scales. 





Performance Recorder for 
Railway Motor Cars 
Commercial Engineering Labs. 


ESIGNED to aid in the develop 
ment and operation of railway 
motor cars, the new “RMC Re 
corder” records on a drum chart such 
data as car speed, engine speed, fuel 








consumption, tractive effort, time or dis 
tance—in almost any desired combina 
tion. On the whole it is a specialized 
model of the “Research” Indicator (Jn 
uments, Dec. 1933, page 233). For 
example, the draw-bar pull recording 
element is a modification of the “Re 
search” pressure unit. Other elements 
were developed for the instruments 
Among them is a_ fuel flow remote 
metering system whereby a continuous 
record of fuel rate is made on the same 
chart with records of speed and pull. 


INSTRUMENTS 
Page 40 — Vol. 7 


Remote Type Liquid Level and Pressure Gages 
Republic Flow Meters Co. 


OR static pressures or liquid heads 

the transmitter or gage body, shown 

in sectional front view, consists essen 
tially of (1) pressure chamber sealed at 
upper end by metal bellows extending 
within it, (2) pointer mechanism acting 
is Wiper on (3) commutator which varies 
electrical resistance. Where differential 
pressure is involved (as in measuring 
water level in boiler drums and other 
pressure vessels) the transmitter is a 
standard Republic flow meter body of 
the proper differential pressure range 
ind static pressure capacity. 

In the new type of transmitter the 
static pressure is admitted at the bot 
tom of the bellows chamber, to the out 
side of the bellows, and is opposed by a 
coiled spring inside the bellows. The mo 
tion of the bellows, proportional to the 
static head, is transmitted by means of 
a push rod to a wiper arm traveling 
across a commutator consisting of a pile 
of alternate copper and insulating disks. 
The resistances to which the copper disks 


PRESSURE 











are connected are wound cumulatively 
such a way that the total resistance | 
each contact is measured during cor 
struction. The standard model gage bod 
is used for heads from 10 to 200 ft. of 
water. For overhead tanks, ete., suj 
pressed-zero models are available. Sign 
and control models, too, are announced 
for commanding automatic pumps, et 
their merecury-switch capacity being | 
amps. at 110 volts. Other models 
available for extremely low heads 
liquid, for gas pressure remote-readi 
and -signaling, ete. 

The remote instruments are adaptatior 


of the new line of Republic indicators, 


recorders and combination panels di 
scribed in Jnstruments, Jan. 1934, page 
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Cathode Ray 



































Oscillograph ‘ Tlet-1¢¢ mee) er ; 
Anextremely flex =———— THE BRISTOL 
ible unit, designed == _-—s-— COMPANY 


for all types of 
visual or photo 
graphic labora: 
tory analysis 
Power supply fur 
nished up to 2,500 
volts. Linear sweep 
circuit range from 
10-5,000 cycles. 
Equipped with 
shielded tube 9 
holder and 5- B RISTOL'S 
inch cathode THERMOMETERS AND 
| — CONTROLLERS 

q | Photographic recording possible at speed of spot up to 
it 4 2,000 inches per second. , 


: 2 TI ang pe ae Leading manufacturers 
re eB | ws unl “an aliSO e su led with Inc ° ‘ ‘ 
' age we im ; ’ now use Chace Bimetal CHAC E 


cathode ray tube. 


, 3 yecause of its sensi- 
ss x In addition to this unit, a number of other cathode an th 1 : cine my a H ER M 0 STAT| 
oe - sal . n j lf, ace acy anc le 
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ray oscillographs are available, as well as a complete 
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For the automatic control of temperature, 
ON THE OCEAN FRONT pressure, humidity, etc., use Typ: 
ABTX1 PO in or with a sensitive instru 


. The reakers ment, where space-saving and dependa 
4 bility are important factors 























q ATLANTIC CITY, N. J. Send Jor neu 1934 Dun Rela 
3 ‘ ; ; Catalog, describing this and othe 
Extraordinary Reduction in Rates interesting relays 
| AS LOW AS STRUTHERS DUNN, INC. 
Without Meals With Meals 125 NORTH JUNIPER STREET 
4 $2.50 Daily Per Person $5.00 Daily Per Person PHILADELPHIA. PA. 
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This Bridge Measures 


RESISTANCE—INDUCTANCE 
CAPACITANCE and POWER FACTOR 





The Type 650-A Impedance Bridge is a complete direct-reading 
nstrument containing everything (except batteries and head 
phones) necessary to make the following measurements: 

D-C Resistance up to 1 megohm 


1000-Cycle Capacitance up to 100 yf, and dissipa 
tion factor (RwC) from 0 to unity. 


1000-Cycle Inductance up to 100 henrys, and 
37 = 
ergy factor (O —“—) from 0 to 100 
R 
PRICE $175.00 
Ws r Bulletin EX 04-INST, describing the bridge in detail. 
Address Generac Rapvio Company, Cambridge, Massachusetts 


GENERAL RADIO 





autosyn 


Smallest self-synchronizing motor 
for remote indications 


Unusually small dimensions, low weight and accurate re- 
sponse to delicate variations, qualifies AUTOSYN for hun- 
dreds of remote indicating applications. Write for data. 


PIONEER INSTRUMENTS 


PIONEER INSTRUMENT COMPANY INCORPORATED 


Brooklyn - New York: A subsidiary of the Bendix Aviation Corporation 
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REVIEW OF SCIENTIFIC 


INSTRUMENTS 
With 
Physics News and Views 


F. K. RICHTMYER, Editor 


Published monthly by the American Institute of 
Physics in collaboration with the Optical Society of 
America and the Association of Scientific Apparatus 
Makers of America. 


Includes Editorials and special articles on recent de- 
velopments in physics; also news of interest to physicists; 
tables of contents of current journals. 
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Transmutation by Alpha-Particles 


Contributed Articles: 

Method of Producing Uniform Magnetic 
Fields 

Photoelastic Apparatus at the California In 
stitute of Technology 

Modified Optical Arrangement for Photo 
elastic Measurements 

Preparation of Sputtered Metal Films 

On the Sharpness Testing of Safety Razor 
Blades 

Measurement of Specific Resistance by Eddy 
Current Shielding 
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if you are unable to find what you require in this section of 


or control 


INSTRUMENTS INDEX 


of instruments and devices for measurement, inspection 


INSTRUMENTS—write Information Section, Instruments Publishing 
Company. Give complete information of requirements. 








METERS 
Oe a Meter Co. 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
ALTIMETERS 
General Electric Co. 
Taylor Instrument Cos. 
ALTITUDE BAROMETER 
Taylor Instrument Cos. 


AMMETERS—Indicating 
General Electric Co. 
Genera! Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 

Recording 
Bristol Company 
Brown Instrument Co. 
Eaterline-Angus Co. 
General Electric Co. 
Pioneer Instrument Co. 
Roller-Smith Co. 

ANEMOMETERS 
Bristol Company 
Esterline-Angus Co. 
Taylor Instrument Cos. 

ASPHALT TESTING 

APPARATUS 
Taylor Instrument Cos. 


ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientific Corp. 
ATTENUATION NET- 
WORKS 
General Radio Company 
Ward Leonard Elec. Co. 
AUDIO- pReneenoy 


OSCILLATORS 
General Radio Company 
BALANCES 


Roller-Smith Co. 
BALANCING MACHINES 

Beldwin-Southwark Corp. 

General Electric Co. 
BAROMETERS—Anerold, 

Mercurial, Recording 

Bristol Company 

Gaertner Scientific Corp. 

Taylor Jastrument Cos. 
BATTERY TESTERS 

Roller-Smith Co. 

Weston Elec. Inst., Corp. 
BEARING TESTERS 

Burgess Labs., Inc., C. F. 
mBerAt. ELEMENTS 

. M. Chace Valve Co. 

BoAnDs: INSTRUMENT 

Bailey Meter Co. 

Bristo! 


Co. 
Brown Instrument Co. 
Foxboro Co. 
Thwing Instrument Co. 
BOILER METERS 
American Meter Co. 
Bailey Meter Co. 
BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co. 
BRIDGES, ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
CALORIMETERS 
American Meter Co. 
Gaertner Scientific Co. 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
CARBON DIOXIDE 
METERS 


Brown Dapenaes Co. 
Foxboro Co. 
CATHETOMETERS 
Gaertner Scientific Corp. 
catenins GAS FLOW 
INDICATORS 
jorey & Jones, Ltd. 
CHRONOG RAPHS AND 
CHRONOMETERS 
Esterline-Angus Co. 
Gaertner Scientific Corp. 
General ee iy Co. 
General Radio Co, 
CLINOM cre RS 
Baldwin-Southwark Corp. 
CLOCKS--Gage Board 
Brown Instrument Co, 
Bristol Company 
Defender Autom’ =. Co. 
Esterline-Angus Co 
Foxboro Co. 
Pioneer Instrument Co. 


coILs 

Resistance, Inductance, 
General Electric Co. 
General Radio 


Roller-Smith Co. 
COIL TESTING EQUIP- 
MENTS 


General Electric Co 
Roller-Smith Co. 
Thwing Instrument Co. 
COLORIMETERS 
General Electric Co. 
Thwing Instrument Co. 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Esterline- Angus Co. 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
COMPARATORS 
Gaertner Scientific Corp. 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
CONDENSERS—Eleetrieal 
General Electric Co. 
General Radio 
CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 
Esterline- Angus Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
CONTOUR MEASURING 
PROJECTOR 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co. 
Defender Autom’c Reg. Co. 
Morey & Jones, Ltd. 
Condensation 
Bristol Company 
Taylor Instrument Cos. 


amper 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Foxboro Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co. 
—— Instrument Co. 
Foxboro 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 


ow 
American Meter Co. 
Batley Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Humidity 
Bristol Company 
Brown Instrument Co. 
—- Co. 
‘aylor Instrument Cos. 
Hum dity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Liquid Levet 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Materials Testing, 
Baldwin-Southwark Corp. 
Pressure & Vaeuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Pyrometer 
Bailey Meter Co. 
Bristol Company 
Rrown Instrument Co. 
Defender Autom’c Reg. Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Rate-Velume 
American Meter Co. 
Foxboro Co. 
Refrigeration 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 


Specific Gravity 
Bailey Meter Co. 
Tachometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Weston Elec. Inst. Corp. 
Temperature-Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Thermometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Defender Autom’c Reg. Co. 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Thermostat 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Voltage A.C. 
Water Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument (os. 
COUNTERS—Magnetic 
Esterline-Angus Co. 
Thwing Instrument Co. 
Revolution 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Stroke 
een Southwark Corp. 
tol Company 
CREEP TESTER 
Baldwin-Southwark Corp. 
cusic FooT —— 
American Meter C 
CURRENT RECORDERS 
Bristol Company 
General Electric Co. 
ig a a Co. 
Roller-Smith Co. 
CYCLE CONTROLLERS 


Bristol 
CYCLE COUNTERS 
General Radio Co. 
CYCLOMETERS 
DAMPING TESTER 
Baldwin-Southwark Corp. 
DEFORMETER (Beggs) 
Baldwin-Southwark Corp. 
DEMAND METERS 
Gas 
Forboro Co 
Electric: Indicating, Re- 
cording, Printing 
General Electric Co. 
} oA HEAD 
Optica 
DIVIDING MACHINES 
Gaertner Scientific Corp. 
DRAFT oneeos” Gages 
DYNAMOM 
General wectrie Go 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp. 
EARTH CURRENT 
METERS 


Rawson Elec. Inst. Co. 
Roller-Smith Co. 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE FILTER 
SECTIONS 


General Radio Company 
ELECTROMETERS 
ELECTRONIC METERS 

Esterline-Angus Co. 

General Electric Co. 

General Radio Co. 

Rawson Elec. Inst. Co. 
ENGINE INDICATORS 

Baldwin-Southwark Corp. 
ENGINE REVOLUTION 

COUNTERS 
EXTENSOMETER 


Baldwin-Southwark Corp. 


FATIGUE TESTERS 


Baldwin-Southwark Corp. 


FAULT FINDERS 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 

FLASH & BURNING 

POINT TESTERS 
Taylor Instrument Cos. 

FLOW METERS 

Indicating 
Bailey Meter Co. 
Brown Instrument Co. 
Defender Autom’c Reg. Co 
Morey & Jones, Ltd 
Pioneer Instrument Co. 

indicating & Recording 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 

Integrating & Recording 
American Meter Co. 
Morey & Jones, Ltd. 

FLUE GAS ANALYZERS 
Brown Instrument Co. 

FLUXMETERS 
Rawson Elec. Inst. Co. 

FREQUENCY METERS 

Indicating 
General Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 

Recording 
Bristol Company 
Esterline- Angus Co. 
General Electric Co. 

Standards 
General Radio Co. 

FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 


Defender Autom’c Reg. Co. 


Taylor Instrument Cos. 
GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Amplifying 
Comparator 
Cylinder 
Deformation 
Baldwin-Southwark Corp. 
Dial 
Differential Pressure 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Draft 
Taylor Instrument Cos 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Drill 
Bausch & Lomb Optical Co 
Filter Rate 
Morey & Jones, Ltd. 
Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Liquid Level 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Foxboro Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Piteh Diameter 
Pressure 
American Meter Co 
Bailey Meter Co. 
Baldwin Southwark Corp. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Foxboro Co 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure & Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline- Angus Co, 
Foxboro Co 
Taylor Instrument Cos. 
Profile 
Rain 
Esterline-Angus Co. 
Taylor Instrument Cos. 
Recording—Distance 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Strain 
Baldwin-Southwark Corp. 
General Electric Co. 
Tester 
Baldwin-Southwark Corp. 
Thickness 
Esterline- Angus Co. 


Vacuum 
Esterline-Angus Co. 
General Electric Co 
Taylor Instrument Cos. 
Volume 
American Meter Co 
Brown Instrument Co. 
Foxboro Co. 
Wind 
Bristol Company 
Brown Instrument Co, 
Esterline- Angus Co. 
GALVANOMETERS 
American Meter Co 
Brown Instrument Co 
General Radio Co, 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co 
Weston Elec. Inst. Corp. 
GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co 
GAS FLOW INDICATORS 
American Meter Co. 
Morey & Jones, Ltd 
GAS LEAK INDICATORS 
Taylor Instrument Cos. 
GAS-METERS 
American Meter Co 
Bailey Meter Co. 
Brown Instrument Co 
Foxboro Co 
Dry Test 
American Meter Co. 
Wet Test 
American Meter Co 
GOVERNORS 
Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos. 
Pump 
Railey Meter Co 
Taylor Instrument Cos 
Water Wheel 
Baldwin-Southwark Corp. 
GRAVITOMETERS 
American Meter Co 
Thwing Instrument Co 
GROUND DETECTORS 
Roller-Smith Co 
Weston Elec. Inst. 
HAND TALLEYS 
HARDNESS TESTERS 
Baldwin-Southwark Corp. 
HELIOSTATS 
Gaertner Scientifle Corp. 
HIGH FREQUENCY 
APPARATUS 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
Indicators 
Roller-Smith Co 
Weston Elec. Inst. 
Measuring Deviees 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Testing Devices 
General Electric Co. 
HUB ODOMETERS 
HUMIDITY CON. 
TROLLERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
HYDROGEN 'ON METERS 
HYDROMETERS 
Taylor Instrument Cos 
HYGROMETERS 
Rrown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
ILLUMINOMETERS 
Weston Elec. Inst. Co 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co. 
INSTRUMENT CALIBRA.- 
TION AND REPAIRS 
Esterline-Angus Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
INSTRUMENT TRANS.- 
FORMERS 
Esterline- Angus Co 
General Flectric Co 
Roller-Smith Co 
Weston Elec. Inst 
Split Core 
Roller-Smith Co 
Phase Shifting 
dees tte TESTING 
EQU NT 
Geners 4 4 eis Co 
Roller-Smith Co 
INTERFEROMETERS 
Gaertner Scientific Corp. 
KEYS AND SWITCHES 
General Radio Co 
LABORATORY RHEO- 


Corp. 


Corp. 


Corp 


STATS 
LACTOMETERS 
Taylor Instrument Cos. 
LEVELS 
Centering 
Engineer’s, Wye, Preelsion 
Prism 


Taylor Instrument Cos 


MAGNETIC RELAYS 
Roller-Smith Co 
MAGNETOMETERS 


Balley Meter Co. 

Bristol Co. 

Brown Instrument Co 

Defender Autom’c Reg. Co 

Foxboro Co. 

Morey & Jones, Lid 
MASTER CLOCKS 

Gaertner Scientifie Corp 

General Electric Co 
MEASURING MACHINES 

Gaertner Scientific Corp 
MEGOHMMETERS 

Roller-Smith Co 
MEGOHM VOLTMETERS 

Roller-Smith Co 

Weston Elec. Inst. Corp 
MICROAMMETERS 

Esterline- Angus Co 

General Electric Co 

General Radio Co. 

Rawson Elec. Instru. Co 

Roller-Smith Co 

Weston Elec. Inst. Corp 
MICROFARADMETERS 

Genera! Radio Co 

Roller-Smith Co. 

Weston Elec. Inst. 
MICROMETERS 

Gaertner Scientifie Corp 
MICROMETER SLIDES 

Gaertner Scientific Corp 
MICROSCOPES 
Brinell 

Gaertner Scientific Corp 
Measuring 

Gaertner Scientific Corp 
Metallographiec 
Petrographical 
Toolmakers’ 

Gaertner Scientific Corp 
MICROTOMES 
MILLIAMMETERS 

Bristol Company 

Esterline-Angus Co 

General Electric Co. 

General Radio Co 

Rawson Elec. Inst. Co 

Roller-Smith Co 

Weston Elec. Inst. Corp 
MILLIVOLTMETERS 

Bristol Company 

Brown Instrument Co 

General Electric Co. 

Esterline-Angus Co 

Rawson Elec. Inst. Co 

Roller-Smith Co 

Taylor Instrument Cos 

Thwing Instrument Co 

Weston Elec. Inst. Corp 
MIRRORS 
MODULATION METERS 

Esterline- Angus Co. 

General Radio Co. 

Weston Elec. Inst. Corp 
MOISTURE METERS 

General Radio Co. 
MOTION RECORDERS 
Mechanieal 

Baldwin-Southwark Corp. 

Bristol Company 

Esterline- Angus Co. 

Foxboro Co. 

MOTOR STARTERS 

Roller-Smith Co. 
MULTIMETERS 

Rawson Elec. Inst. Co. 
mur rirts PEN 

CORDERS 

elanin Southwark Corp. 

Bristol Co 

Esterline- Angus Co 

Foxboro Co 
MULTIPLIERS 

General Electric Co 

Weston Elec. Inst. Corp. 
NICKEL SOLUTION 

TESTERS 
NOISE MEASURING 
sETs 


Burgess Labs., Inc., C. F. 

General Radio Co 
OHM METERS 

Esterline- Angus Co 

General Electric Co 

Rawson Elec. Inst. Co. 

Roller-Smith Co 

Weston Elec. Inst. Corp. 
OIL TESTING 

APPARATUS 

General Eleetric Co 

Taylor Instrument Cos. 
OPERATION RECORDERS 

Roller-Smith Co. 
Electrical 

Bristol Company 

Brown Instrument Co 

Esterline-Angus Co 

Foxboro Co 

Roller-Smith Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 
OPTICAL PARTS 
Lenses, Prisms, Test Planes 

Gaertner Scientific Corp 
ORIFICE METERS 
Indicating & Recording 

American Meter Co 

Bailey Meter Co 

Brown Instrument Co 

Defender Autom’c Reg. Oe. 

Foxboro Co 

Morey & Jones, Ltd 
Integrating 

American Meter Co 
ORIFICES, ADJUSTABLE 

American Meter Co. 

Bailey Meter Co 
OSCILLATORS 

Weston Elec. Inst 


Corp 


Corp 
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OSCILLOGRAPHS 
Baldwin-Southwark Corp. 
General Electric Co. 
General Kadio Co 

Automatic 
General Electric Co 

Cathode Ray 
General Electric Co 

PANTOGRAPHS 
Gaertner Scientific Corp. 

PERISCOPES 
Gaertner Scientific Corp. 

PERMEAMETERS 
General Electric Co. 

PHOTO-ELECTRIC CELLS 
General Electric Co 
Weston Elec. Inst. Corp. 

PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co 
Thwing Instrument Co 

PHOTO-ELECTRIC 

COLOR COMPARA- 


TORS 
General Electric Co 
Thwing Instrument Co 
PHOTOMETERS 


Gaertner Scientific Corp, 

PHOTO-MICROGRAPHIC 
EQUIPMENT 

Rawson Elec. Instru. Co. 
PITOT TUBE METERS 

Brown lustrument Co 

Defender Autom’c Reg. Co. 

Foxboro Co 

Morey & Jones, Ltd 

Pioneer Instrument Co 
PLANIMETERS 
Automatic Flow Record 

Brown Instrument Co. 

Foxboro Co 
Linear 

Brown Instrument Co. 

Baldwin-Southwark Corp 
Radial 

Balley Meter Co 

Bristol Company 

Foxboro Co. 

Square Root 

Foxboro Co 
POLARISCOPES 

Gaertner Scientific Corp 
POSITION RECORDERS 

Brown Instrument Co. 

Bristol Company 

Esterline-Angus Co. 

Foxboro Co. 

Taylor Instrument Cos. 
POTENTIOMETERS— 
Indicating 

Brown Instrument Co. 

General Electric Co. 

Thwing Instrument Co 
Recording & Controlling 

Rrown Instrument Co 

Thwing Instrument Co 
Standard Cell Comparing 
Feresnet Type 
POWER FACTOR METERS 

E-terline- Angus Co 

General Electric Co. 

Roller-Smith Co 

Weston Elec. Inst. Corp 
PRESSURE RECORDERS 

American Meter Co. 

Bailey Meter Co 

Raldwin-Southwark Corp. 

Bristol Company 

Brown Instrument Co 

Defender Autom’c Reg. Co 

Esteriine- Angus Co 

Foxboro Co. 

Taylor Instrument Cos. 
PRISMS 

Gaertner Selentifie Corp. 
PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 

Bristol Company 

Brown Instrument Co 

Esterline- Angus Co 

Forhoro Co 

Taylor Instrument Cos 
PROTRACTORS 
Optical 
PROVERS 

American Meter Co 
PSYCHROMETERS 
Recording 

Bristol Company 

Brown Instrument Co 

Forhoro Co 

Taylor Instrument Cos. 
Sling 

Taylor Instrument Cos 
PYRHELIOMETERS— 
Weather Bureau Type 
PYROMETERS 
Optical 
Radiation 

Indicating 

Rereown Tostrument Co 

Taylor Instrument Cos 

Thwing Instrument Co 

Recording 

Brown Instrument Co 

Taylor Instrument (ns 

Thwing Instrument Co 


Thermo-electrie 
immersion 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Indicating 
Bristol Company 
Brown Instrument Co 
Defender Autom'c Reg. Co. 
Foxbors Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co 
Foxhorn Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Surface Contact 
Bristol Company 
Rrown Instrument Co. 
Taylor Instrument Cos 
Thwing Instrument Co 
PYROMETER CALI. 
BRATING SETS 
Thwing Tnetrument Co 
RADIO FREQUENCY 
OSCILLATORS 
General Rodio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst Corp. 
RADIO TEST PANEL 
Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 
General Radio Company 
Weston Elee Inst. Corp. 
REF RACTOMETERS 
REGULATORS—See 
Controls 
RELAYS 
General Electric Co 
General Radio Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Light Sensitive 
Burgess Labs., Inc., C. F. 
Roller-Smith Co 
Weston Elec. Inst 
Vacuum Contact 
Burgess Labs., Inc., C. F. 
Vacuum Tube 
Burgess Lahs.. Inc.. C. F. 
REMOTE METERING 
EQUIPMENT 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
General Electric Co 
Morey & Jones, Ltd 
Pioneer Instrument Co. 
RESISTANCE—Electrical 
General Radio Co. 
Roller-Smith Co. 
RHEOSTATS 
General Radio Company 
SACCHARIMETERS 
Taylor Instrument Cos 
SALINITY INDICATORS 
Esterline-Angus Co. 
SCALES 
Gaertner Scientific Corp. 
Basis Weight 
Thwing Instrument Co 
Differential 
Thwing Instrument Co 
SEISMOGRAPHS 
SHUNT METERS 
Bristol Company 
Esterline-Angus Co. 
Roller-Smith Co. 
SHUNTS 
Esterline- Angus Co. 
Jeneral Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 


SIGNALING DEVICES— 
Automatic 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co 


SPECIAL COILS 
SPECIAL ELECTRICAL 
INSTRUMENTS 

Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
General Electric Co. 
General Radio Co. 
Morey & Jones, Ltd 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Thwing Instrument Co 
Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 
Esterline-Angus Co. 
Roller-Smith Co 
Thwing Instrument Co 


SPECTROGRAPHS 
Gaertner Scientific Corp. 


Corp. 


SPECTROMETERS 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Gaertner Scientific Corp. 

SPECTROSCOPES 

Gaertner Scientific Corp. 

SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Co 

Thwing Instrument Co. 
SPEED REGULATORS 
STANDARD CELLS 

Weston Elec. Inst. Corp. 
STOP WATCHES 
STRAIN GAGES 

Baldwin-Southwark Corp. 

General Electric Co 
SUNSHINE RECORDERS 

Taylor Instrument Cos. 
SURGE INDICATORS & 

RECORDERS 

Esterline- Angus Co. 

General Electric Co 
SYNCHRONOSCOPES 

Weston Elec. Inst. Corp. 

Roller-Smith Co. 
SYNCHRONIZATION 

FORKS 
Electrical 

Jenera! Radio Co. 
SYNCHRONOUS MOTORS 

General Electric Co 

Pioneer Instrument Co. 
TACHOMETERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Co 

Foxboro Co. 

Pioneer Instrument Co 

Roller-Smith Co. 

Thwing Instrument Co. 

Weston Elec. Inst. Corp. 
TACHOSCOPES 

Rrown Trestrument Co. 
TELEMETERS—See 

Remote Metering 
TELESCOPES 

Gaertner Scientific Corp. 
TENSOMETER (Huggen- 

berger) 

Baldwin-Southwark Corp. 
TESTING MACHINES 

Thwing Instrument Co. 
Fatigue 

Baldwin-Southwark Corp. 
impact 

Raldwin-Southwark Corp. 
impact (very light load) 

Thwing Instrument Co. 
Hardness 

Baldwin-Southwark Corp. 
Oil & Bearing 

Baldwin-Southwark Corp. 
Paper 

Thwing Instrument Co. 
Penetration 

Thwing Instrument Co. 
Portable—Tensile—Com- 
pression 

Baldwin-Southwark Corp. 
Sheet Metal 

Raldwin-Southwark Corp. 
Stiffness & Bending 

Thwing Instrument Co 
Stretch 

Thwing Instrument Co 
Tearing 

Thwing Instrument Co. 
Tensile (very light load) 

Thwing Instrument Co 
Universal 

Baldwin-Southwark Corp. 
THERMIONIC RECTI- 

FIERS 

General Electric Co. 

THERMO-JUNCTIONS 
(Electric) 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 
THERMO-VOLTMETERS, 

AMMETER 

Genera! Radio Company 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
THERMOPILES 
THERMOMETERS 

Balley Meter Co 

Bristol Company 

Brown Instrument Co. 
Gas Filled 

Defender Autom’c Reg. Co 

Foxboro Co. 

Taylor Inst. Companies 
Mechanical 

Brown Instrument Co. 

Defender Autom’c Reg. Co 

Foxboro Co. 





HASLER 





SPEED 


INDICATORS 


More than 55,000 in use—tend to show that, 
in respect to accuracy, Industrial Engineers 
are fast becoming as exacting as Physicists. 


461 EIGHTH AVE. HASLER-TEL CO. NEw YORK.N.Y. 
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manufacture 


Electrical 
CAMBRIDGE, 


91 Seventh Ave., 


Representative: E. 





Wattmeters 


FOR USE ON LOW POWER 
FACTOR CIRCUITS 


Dynamometers , Milliammeters 
and Voltmeters. 
Ultra 
Meters for both AC and DC, 


and Fluxmeters, etc. 


RAWSON 
Instrument Co. 
MASSACHUSETTS 


Branch 
New York City 


We also 
Sensitive 


N. Webber, Daily News Building, Chicago, Ill. 











Mercurial 
Bristol Company 
Taylor Instrument Cos. 
Resistance 
Brown Instrument Co. 
Foxboro Co. 
Thwing Instrument Co 
Vapor - Tension 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co 
Foxboro Co. 
Taylor Inst. Companies 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co 
THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
THERMOSTATIC 
BIMETAL 
W. M. Chace Valve Co 
TIME INDICATORS 
Raldwin-Southwark Corp. 
TIME METERS 
Jeneral Electric Co. 
TIME OPERATION 
RECORDERS 
Bristol Company 
Esterline-Angus Co. 
Foxboro Co 
TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
Gaertner Scientific Corp. 
Foxboro Co 
TIME SWITCHES 
General Electric Co. 
TIMERS 
Rawson Elec. Inst. Co. 
TIMING DEVICES 
General Electric Co. 
TORSIOGRAPH 
Baldwin-Southwark Corp. 
TOTALIZING 
INSTRUMENTS 
American Meter Co. 
yeneral Electric Co. 
TOTALIZING RELAYS 
Electric 
General Electric Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(Instrument) 
Esterline- Angus Co. 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 
TRANSITS 
Astronomica! 
Gaertner Scientific Corp. 


Pocket 


Taylor Instrument Cos. 
TUNING FORKS— 
Electrically Driven 

General Electric Co. 

General Radio Co. 

Gaertner Scientific Corp. 
TURBIDIMETERS 
U-TUBE MANOMETERS 

Bailey Meter Co. 

Brown Instrument Co. 

Defender Autom’e Reg. Co. 

Morey & Jones, Lid 

Taylor Instrument Cos. 


VACUUM RECORDERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Esterline-Angus Co. 
Foxboro Co. 

Taylor Instrument Cos. 
VACUUM TUBE BRIDGES 
General Radio Company 
VACUUM TUBE RELAYS 
Burgess Labs., Inc., C. F. 

VACUUM TUBE 
VOLTMETERS 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
VALVES 
Automatic Shut-Off 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Back Pressure 
American Meter Co. 
Balanced 
Bailey Meter Co. 
Baldwin-Southwark Corp. 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Blow-oft 
American Meter Co. 
Diaphragm 
Bristol Company 
Defender Autom’c Reg. Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Differential 
American Meter Co. 
Electrically Operated 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co. 
General Electric Co. 
Taylor Instrument Cos. 
Motor Operated 
Baldwin-Southwark Corp. 
Bristol Co. 
Pressure Relief 
American Meter Co. 
Proportional Air-Gas 
American Meter Co. 


Reducing 
Bailey Meter Co. 
Taylor Instrument Cos 
Regulating 
American Meter Co 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co. 
Defender Autom c Reg. Co 
Foxboro Co. 
Taylor Instrument Cos 
VENTURI METERS 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co, 
Morey & Jones. Ltd. 
Pioneer Instrument Co 
VIBROGRAPHS 
Roldwin-Southwark Corp. 
VIBROSCOPES 
Baldwin-Southwark Corp 
VISCOSIMETERS 
Taylor Inst. Companies 
VOLTAGE DIVIDERS 
General Radio Co. 
VOLT-AMMETERS 
Esterline- Angus Co. 
General Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Cerp 
VOLTMETERS 
Electrostatic 
General Electric Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Indicating 
General Electric Co. 
General Radio Co. 
Rawson Elec. Instru. Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
Esterline- Angus Co. 
General Electric €o. 
Roller-Smith Co. 
Thermionie Rectifier 
General Radio Co. 
WATER METERS 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co. 

Morey & Jones, Ltd 
WATTHOUR METERS 
General Electric Co. 

WATTMETERS 
Indicating 
General Electric Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Weston Elec. Inst. Corp 
Recording 
Bristol Company 
Esterline- Angus Co. 
General Electric Co. 
Roller-Smith Co. 
WAVEMETERS 
General Radio Co. 
X-RAY SPECTROMETERS 
Gaertner Scientific Corp 








What instruments 
do you want to buy? 


|f you do not see listed in the Advertising page or é 
in the INSTRUMENTS INDEX the instruments and 
devices for measurement, inspection and contro 


you wish to purchase, write INSTRUMENTS. 
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QUTSTANDING FEATURES 


. No 


. No 


. Easy to Instati—pnorronic equip- 


. Specrrar Reseonse—Like that of 


. Low Cost—The initial cost is 








AUXILIARY PoWER ~~ PHOTRONIC 
(dry-type) cells transform light en- 
ergy directly into electrical energy. 












A mpuLirication—High current out- 
put of pHoTRONIC cells activate sen- 
sitive relays without complicated 
amplifiers. 

I sylvania Terminal, 


Unuoiren Lire—runorronic cells do 


are operated by 
liver a constant output. 


relays 


ment shipped ready to install and 






operate. Control box can be located 
remote from cell. 





the human eye, pHoTRONIC cells 
accurately control by color and 
density changes. 


low and maintenance practically 
negligible. 





*PHOTRONIC-~a registered trade-mark des- 
ignating the photoelectric cells and photo 
electric devices manufactured exclusively 





by the Weston Electrical Instrument Cor- 
poration, 






These doors, manufactured 
and installed in the Penn- 


York City, by The Stanley 


Works, New Britain, Conn., 
not deteriorate or wear out de- 
Weston 


pHoTrRoNIc photo-cells and 











THEY USE RELIABLE WESTON 
“PHOTRONIC (‘cc’) EQUIPMENT 


Here are the most unique doors in any train 
terminal in this country. They open and close 
automatically—several million times each month. 
Not a human hand touches them, A PHOTRONK 
cell and a light beam are the sole activating 
source. What a comfort and convenience to trav- 
elers . .. what a help in facilitating movement 
of crowds. 

In train terminals, as well as in other indus- 
trial and commercial activities where flawless 
operation is vital, reliable photo-cell control 
equipment must be used. And Weston PHOTRONIC 
equipment is reliable, because of the character- 
istics of the Weston cell, the simplicity of the 
circuit, and the ease of installing and maintain- 
ing PHOTRONIC control equipment. 

Whether your problem is opening doors, 
counting, sorting, or controlling operations by 
color or density changes, Weston PHOTRONIC 
control should be considered. It is simple, reli- 
able and economical. Its outstanding advantages 
are listed at the left. For further information 
write... Weston Electrical Instrument Corpora- 
tion, 591 Frelinghuysen Avenue, Newark, N. J. 





WESTON 


lpstrumenls 


¥ 





























Graphically checking 


TEMPERATURE, PRESSURE, LIQUID LEVEL, MOTION 

















BRISTOL'S Metameter Recording Receiver 
Model 4oM 


: 

T IS ONLY HUMAN NATURE to balk __ of installing or securing the necessary pulses may be sent, through arrange - 

I at going out-of-doors in disagree- transmission wires. Simplicity of cir- ment with the A. T. & T. Co., over 7 

able weather, and to object against cuit makes operation possible on only a standard telephone circuit without [ i 
trekking a long way, say, to the far | two wires, or on one wire and the interfering with the telephone con- ) 
end of a large industrial plant, just ground. For long distances, the im- versation. * 
for the sake of getting certain oper- a 








ating information. People won't do it. 
' SOME USES OF BRISTOL’S METAMETER 

Here is a situation that BRISTOL'S ; : 
Water H orks: To record in engine room of Oil Refinery: To transmit records of temperature 


Metameter System solves perfectly. pumping station level of water in reservoir, water and pressure in coolers, pipe lines, pre-heaters, 
tower, lake, or river, and so to make possible oil stills, etc., direct to receiver on panel board 


It gathers such essential information efficient pumping pr ier ; in centrally located office or instrument room 
er . Water Tower or Stand Pipe: vo indicate on me ; 
and transmits it to one central point record at pumping station, engineer’s downtown District Steam Heating Plant and D1s- 
ss office, fire station or other desired location the ; ; ,wespon* ¢ 
ot control It detects changes in pres- stand pipe or tank level. An alarm can be ar tribution Syste mM. To measure steam pressure 
‘ -— . ranged to sound whenever level comes too close to at end of steam main and at consumers’ premises 
a . — ii . . es " overflow pipe, or when it gets dangerously low and to transmit these to recorders on switchboar 
sure, temperature, liquid level or mo- Sialijiiincieic Satta: SF tsnieed Ginsk, Yenkinig padilale geod tenting 
: : : IS : yaro-Etectric Station: To transmit to re- consistent with weather conditions and safety 
tion, occurring as tar as 250 miles ceiving instrument on switchboard in the hydro ar E 
station the height of water above the dam, head vr a, y : Paane 
erdie:- ond. iatnatte ‘eine ‘Gites But- and tail water levels; also to transmit records of Steam Generating Station and Powe 
' ai shee pe i : j gate operations, amount of opening and closing. House: vo transmit pressures in boilers, at tur 


: tuations to the receiving station, there Gas Plant and Distribution System : To bine throttles, temperatures of* steam, feed water 
; c - i ‘ measure pressures in outlying holders at the ends economizer, etc., to instrument mounted on gauge 
charting them in the torm ot an ac- of branch mains, at governors in high pressure board in chief engineer's office 


mains, and in plants of large industrial consum 


—irate istorted c " > ors ic ers; and to transmit these pressures to the central Chemical Plant: vo chart temperatures and 
Curate undistorte d Continuous graphic plant several miles away pressures in autoclaves, mixers for explosives and 
: record. Natural Gas Field: To check conditions at stills; thereby not only centralizing operating in 
isolated gas wells and to record this information formation, but also immediately revealing approac} 
: in district offices of dangerous conditions 








Distance is limited only by the cost 








THE BRISTOL COMPANY? WATERBURY * CONNECTICUT 


anch Offices: Akron, Birmingham, Boston, Chicago, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San Francisc: 


TRADE MARK 


BRISTOL 


G. U. S. PAT 





PIONEERS IN PROCESS CONTROL SINCE 1889 












